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Electromagnetic interference/electromagnetic compatibility (EMI/EMC) testing is a 
compulsory part of today’s electronics compliance and reliability. The importance of 
EMI/EMC arose with the advent of wireless devices to provide interference free envi-
ronment. Spurious emissions emitted by electronic devices cannot be predicted without 
EMC measurements. If these emissions emanating from a specific device are above a 
certain limit, they can be harmful for devices operating in its close vicinity. Interference 
is an unwanted signal that causes disturbance in the normal operation of an electronic 
device. As a result there occurs degradation in the functionality of the victim device that 
is unacceptable. To avoid this undesired behavior of the devices, international regulato-
ry authorities have introduced different standards and regulations. All devices consisting 
of  electrical  circuits  are  tested  to  comply  these  international  standards  and  rules.  The  
main objective of EMI/EMC testing is to make sure that a device 
i. Does not create interference to other devices. 
ii. Is not susceptible to emissions produced by other devices. 
iii. Does not cause interference with itself.  
     The prime objectives of this thesis work include the development of testing programs 
in Agilent VEE intended to conduct radiated emission (RE) and radiated immunity (RI) 
tests automatically and to study the suitability of an anechoic chamber for radiated im-
munity test. The thesis is divided into two major parts. First part contains the introduc-
tion and theoretical background and covers first three chapters. It describes the need and 
importance of RE and RI testing. Second part presents the development of testing pro-
grams, test equipment, procedures and results in detail. Testing programs developed 
during current thesis include most of the necessary features requisite by IEC and CISPR 
standards and available in commercial testing software for example in Total Integrated 
Laboratory Environment (TILE), EMC 32 and Schaffner. The study of anechoic cham-
ber, testing programs and results illustrate that the expected goals of the thesis have 
been successfully achieved.  For future studies and improvements practical analysis and 
tests are recommended to be performed on the chamber.  It could not be done during 
current thesis work due to unavailability of power amplifiers for radiated immunity test.  
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1. INTRODUCTION 
Electromagnetic compatibility (EMC) is a growing field due to ever-increasing density 
of electrical and electronic circuits in modern systems for computation, communication, 
control and many other functions. The extension of spectrum use, both in frequency and 
amplitude is affecting the number and increasing the severity of Electromagnetic inter-
ference (EMI) situations. EMI may exist when two or more electronic devices are oper-
ated in a common environment and it leads to malfunctioning of devices [1].  
     The  importance  of  EMI/EMC  testing  arose  with  the  latest  developments  in  digital  
radio communications and wireless devices. An international regulatory authority was 
set up to ensure that communications could be interference-free [2]. Regulatory authori-
ties keep on squeezing frequency band allocations closer and closer due to ever-
increasing use of mobile communications and other broadcast media channels. A num-
ber of international EMI/EMC testing standards and design methods have been intro-
duced to limit the cross-channel interference to acceptable levels [2]. 
     All devices consisting of electrical circuitry regardless of application should be EMC 
qualified. The purpose of this testing is to make sure that the device neither interferes 
with other surrounding devices nor is disturbed by them. Regulatory authorities and 
decision-making bodies like International Standards Organization (ISO) and Interna-
tional Electrotechnical Commission (IEC) have laid down certain rules and limits that 
all the electronic devices must follow. The testing standards introduced by IEC have 
prescribed limits on the amount of electromagnetic energy that a particular device can 
emit at specific frequencies. The susceptibility levels for the interference free operation 
of certain devices have also been defined in immunity testing standards [3]. 
     In practice, EMI/EMC testing of an electronic device is carried out in two operating 
modes. In one mode a device is tested as a source of interference where it is powered up 
and its emissions are measured. These emissions can be of two types; radiated and con-
ducted. The emissions that a device radiates in the air are categorized as radiated emis-
sions whereas the emissions emitted through cables are referred as conducted emissions 
[3]. In other mode the device is tested as a victim of interference where it picks up the 
emissions emitted by other devices. The emissions detected by a receptor may approach 
it through air or cables [2]. The detailed description of these topics is given in chapter 2. 
The scope of this thesis work is to develop test  setups for radiated emission (RE) and 
radiated immunity (RI) so the discussions in following chapters will be confined to RE 
and RI tests only. 
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     Figure 1.1 gives a general view of radiated emission and radiated immunity tests. It 
also  depicts  the  basic  idea  to  perform  both  tests.  Normally  RE  and  RI  tests  are  per-
formed in an anechoic chamber having a turntable and an antenna mast. Equipment un-
der test (EUT) is placed on a wooden table lying on the turntable. The turntable is used 
to rotate the EUT and antenna mast is utilized to vary the height of the antenna, how-
ever in RI changing the height of the antenna is not required [4]. These mechanisms are 
mandatory so that emission and immunity tests can be run according to International 
Special Committee on Radio Interference (CISPR) and International Electrotechnical 
Commission (IEC) recommendations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Figure 1.1 General test setup of RE and RI tests [5] 
 
     As shown in figure 1.1 the EUT is placed on a wooden table that is placed in a 
chamber having ferrite tiles and microwave absorbers on the walls and ceiling. The an-
tenna is mounted on an antenna mast and located at 3 or 10 meters away from the EUT 
depending upon the chamber dimensions. Mostly RE and RI tests are executed at 3m 
distance between EUT and antenna.  
     There are different types of antennas being employed for EMI/EMC measurements, 
for example biconical, log periodic and horn [4][6]. Moreover, a bilog antenna that is a 
combination of biconical and log periodic can also be used. In test setup presented in 
figure 1.1 a biconical antenna is exploited for RE and RI measurements. During RE test 
the antenna acts as a receiver that captures the emissions radiated by the EUT, whereas 
in RI it is used as a transmitter to generate desired electric field levels. The turntable is 
moved between 0 to 360 degrees while antenna height is varied from 100 to 400cm [4]. 
However, in RI test the antenna does not need to be mounted on antenna mast. Usually 
Biconical antenna 
EUT 
Antenna mast 
Turntable 
Anechoic chamber 
4m 
Fiber optics for control purposes 
Wooden table 
 
 
 
3m 
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it is fixed on a tripod stand. Fiber optic cables shown in figure 1.1 are used to control 
the movement of both these devices. The movement of turntable and antenna mast is 
accomplished with a device controller placed outside of the chamber [4][6]. 
     The main objective of this thesis work is the development of testing programs, de-
scription of test equipment and procedures for both tests. It gives the reader an idea of 
why  EMI/EMC  testing  is  important,  what  are  the  RE  and  RI  tests,  what  kind  of  test  
equipment is required and how to perform these tests. The feasibility study of the an-
echoic chamber of TUT’s EMC lab for RI test is an additional task for current thesis. 
The study of chamber includes studying the behaviour and properties of microwave 
absorbers, ferrite tiles and overall construction of the enclosure. With this study the 
reader will know the properties and specifications of ferrite tiles, microwave absorbers 
and general isolation that this particular chamber provides for EMC measurements. The 
reader will also get a picture of what kind of electric field levels can be generated in the 
chamber under study with present capabilities.    
     This thesis can be considered as the continuation of earlier research done by Mikko 
Keskilammi as MSc. thesis in 1999 [7]. The study of EMC standards and directives, 
measurement equipment and procedure for radiated emission test were the prime objec-
tives of that thesis. In addition, it also included the development of a small program for 
RE test  in  Agilent  VEE and  RE measurements  at  different  sites.  The  thesis  of  Mikko 
Keskilammi was limited to RE measurements but a brief study of TUT’s anechoic 
chamber was also a part if. However, the detailed feasibility study of this chamber for 
RI test is presented by current thesis work. Moreover, testing programs developed dur-
ing current thesis are more professional, precise, and easy to operate having most of the 
necessary features requisite by IEC and CISPR standards. 
1.1.  Organization of the thesis 
The structure of this thesis has been organized in different chapters as given below.  
 
Chapter 1: An introduction and a general overview of the topics covered in this thesis 
are given in chapter 1. 
 
Chapter 2: Chapter 2 presents theoretical background of radiated emissions, radiated 
immunity, importance and need for RE and RI tests, introduction of test standards and 
specifications of test equipment used in both tests.  
 
Chapter 3: A deep study of feasibility of EMC lab’s anechoic chamber for RI test has 
been presented in chapter 3.  
 
Chapter 4: This chapter contains development of radiated emission testing programs, 
test equipment, procedure and results. 
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Chapter 5: The development of radiated immunity testing program, test equipment, 
procedure and results has been discussed in chapter 6. 
 
Chapter 6: Summarizes and concludes the thesis. 
 
Appendix A: Appendix A consists of tentative schedule and work plan of the thesis. 
 
Appendix B: A brief description of the Agilent VEE objects used in the development of 
RE and RI testing programs has been given in appendix B. 
 
Appendix C: The objective of visiting two commercial EMC labs (one in Espoo and 
other in Rauma) is described in appendix C. 
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2. THEORETICAL BACKGROUND 
Chapter 2 presents theoretical background of causes and types of radiated interference 
generated by a device when acting as a source or detected by it as a victim. Both of the-
se aspects will be discussed in chapter 2. The detailed description of required equipment 
and procedures of radiated emission (RE) and radiated immunity (RI) tests will also be 
provided in chapter 2. Since current thesis is limited to develop test setups for RE and 
RI, the main focus of following sections will be on radiated interferences.  
2.1. Electromagnetic Interference (EMI) 
 
An unwanted signal coupled from one electronic device (emitter) to another device (recep-
tor) which degrades the normal functionality of the receptor is called electromagnetic inter-
ference [3]. The interference may interrupt, obstruct or degrade the effective performance 
of the victim. The introduction of small high speed wireless devices into the market is con-
tinuously cluttering the EMI environment [3]. EMI/EMC standards (commercial and mili-
tary) have been introduced to limit the amount of interference. These standards set ap-
proved limits for electromagnetic (EM) energy that a particular device can emit at certain 
frequencies [3]. The role of emitter and receptor can be best understood with the help of 
figure 2.1 whereas coupling path has been described in section 2.2. 
 
 
 
 
 
 
 
       Figure 2.1 Electromagnetic interference 
 
     EMI has two basic types; radiated interference and conducted interference. 
2.1.1. Radiated interference 
Radiated interference is an undesired signal that is radiated by an electronic device in 
the air as electromagnetic (EM) fields. Whether radiated interference emanating from a 
device can cause disturbance in the normal function of a nearby device or not, depends 
on 
• The directivity of the energy leaving the source.  
 
Emitter  
 
Receptor Coupling path 
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• Losses during propagation.  
• The susceptibility of the device that is being interfered.  
     Radiated interference can be observed when an un-intentional flicker occurs in TV’s 
screen or a noise is experienced in the audio of an AM radio receiver if a mobile phone 
located close to these devices receives a phone call [8]. Figure 2.2 shows how does an 
emitter produce radiations in the air that are detected by a receptor. 
 
 
 
 
 
 
                 
               Figure 2.2 Radiated interference 
2.1.2. Conducted interference 
The interference that is coupled from a source device to victim through a direct physical 
contact is called conducted interference. The coupling path of conducted interference 
can be common power source (power cords), ground returns and interface cables [3]. 
The conducted disturbances travel from one device to other as conduction currents. Fi-
gure 2.3 illustrates the mechanism of conducted interference. 
 
 
 
 
 
                 Figure 2.3 Conducted interference 
2.2. Interference coupling mechanisms 
The interference is produced by a source emitter and is detected by a susceptible victim 
(receptor) via a coupling path [3]. This coupling path may have different forms. De-
pending upon the coupling path, four major types of coupling mechanisms are associat-
ed with EMI. Figure 2.4 denotes a source emitter radiating EMI and a receptor that is a 
victim of this interference. It also shows the coupling mechanisms between source and 
victim. 
 
 
Emitter 
 
Receptor 
Conduction 
 
Emitter 
 
 
Receptor 
Radiation 
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 Figure 2.4 EMI coupling mechanisms [2] 
 
2.2.1.  Conductive coupling 
Conductive coupling occurs due to a physical path between source and victim. Conduc-
tive coupling requires a direct connection between emitter and receptor. This direct path 
can be provided by common power cords, ground returns, interface cables, Printed Cir-
cuit Board (PCB) traces or metal enclosures of devices [3] [2]. As shown in figure 2.4 
conducted interferences propagate from source to victim through cables in the form of 
currents. 
2.2.2. Radiative coupling 
 
Radiative coupling does not need a physical contact between source and emitter. 
Radiative coupling exists when source and victim are separated by a large distance, typ-
ically greater than a wavelength [2]. The emitter radiates interference signals in the air 
as electromagnetic fields. The receptor lies in the far field of the emitter and detects 
those interference signals. However, the strength of radiative coupling decays as 1/R 
where R is the separation between source and victim [3]. In figure 2.4 the source is pro-
ducing radiated disturbances that are received by the victim device.  
2.2.3. Inductive coupling 
Inductive coupling (also known as magnetic coupling) exists when the emitter and re-
ceptor have a short distance between them (typically less than a wavelength) [2]. There 
is no direct conductive path between source and victim in inductive coupling. The vic-
tim is present in the near field of the source where the magnetic field is dominant. Due 
to close proximity of emitter and receptor, mutual coupling occurs that is called induc-
tive coupling [3].   
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2.2.4. Capacitive coupling 
A varying electric field between two adjacent conductors that are less than a wave-
length apart results in capacitive coupling. The gap between two conductors acts as a 
capacitor which causes capacitive coupling where air acts as dielectric [2]. No conduc-
tion path is required between emitter and receptor. The victim usually lies in the near 
field of the source where electric field is dominant. The proximity of source and victim 
leads to capacitive coupling [3]. Both inductive & capacitive couplings can be mini-
mized by increasing the separation between wires and by reducing wire lengths.  
2.3. EMC testing standards and decision making bodies 
EMC standards are prerequisites to ensure that electronic devices do not mutually cause 
malfunction or complete disability of their intended operation. These standards lay 
down requirements for devices for maximum permissible emission and immunity levels 
[9]. More detailed study on EMC standards and directives can be found for example in 
[7].   
     The main regulatory authority for EMC related issues is IEC that is closely operated 
by ISO [3]. There are different committees operating under IEC and one of them is 
CISPR that defines the standards for radiated and conducted interferences. IEC is a 
worldwide organization for standardization that has an objective of promoting standard-
ization for electrical and electronic devices [4]. The standard CISPR 22 (describes the 
methods and limits for emission measurements of information technology equipment) 
issued by this committee was adopted in Europe and in several other countries. A lot of 
updates and revisions have been introduced in this standard to cope with recent techno-
logical requirements. CISPR 24 and 32 are examples of those updates.  
     Europe has its own regulatory authorities for example ETSI that deals with standards 
related to information and communication in Europe, and CENELEC that is responsible 
to develop electrotechnical standards for European market. EN 55022 is an example of 
radio interference testing standard introduced by CENELEC [3]. IEC 61000-4-3 is used 
to  perform RI  testing  of  a  large  number  of  devices.  It  covers  a  variety  of  commercial  
electronic devices that fall under the category of Information Technology Equipment 
(ITE). Some other immunity testing standards that have been in use are EN 61326-1 
(for laboratory test equipment), IEC 61000-6-1 and IEC 61000-6-2 (generic standards 
for residential, commercial light and heavy industrial equipment) [10]. EN 60601-1-2 is 
used for the radiated immunity testing of medical equipment [11]. 
      Federal Communication Commission (FCC) is an American standardization organi-
zation that regulates the interstate and international rules for radio, television, wire and 
satellite communications.  The MIL-STD 461D and its updated versions introduced by 
the  Department  of  Defense  (DOD) of  US are  being  used  for  the  EMI/EMC testing  of  
devices manufactured for military applications. RE and RI testing of military oriented 
products is performed according to MIL-STD 461E and F [3].  
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2.4. Classification of equipment and test limit 
It is important to define the class of equipment and applicable test limit before actually 
conducting the RE test. Any equipment that has the capability of entry, storage, retriev-
al, display, transmission, processing, switching or control of data, telecommunication 
messages  and  which  has  one  or  more  terminal  ports  operated  for  information  transfer  
plus with supply voltages of less than 600V is categorized as Information Technology 
Equipment (ITE) [4]. 
Generally there are two classifications of ITE given in CISPR 22.  
? The equipment intended to be used for domestic applications with no fixed 
place of use, telecommunication equipment powered by a telecommunication 
network. This category of equipment is called class B ITE, it satisfies the class 
B ITE test limits and the examples include portable equipment powered by 
built in batteries and personal computers [4]. 
? All other equipment fall under the category of class A ITE and satisfy test lim-
its defined for class A ITE [4]. 
Test  limits  for  each  class  of  ITE at  frequencies  below 1  GHz are  given  in  CISPR 22  
page 25. The important thing to be mentioned here is that these test limits are for a dis-
tance of 10m whereas the dimensions of anechoic chamber to be studied in this thesis 
are 6.88 (L) x 3.2 (W) x 3.2m (H). It means radiated emission measurements at only 3m 
distance are possible in this chamber so the test limits need to be manipulated. The for-
mula to calculate values of test limit at 3m distance is [4] 
 
?? = ?? (??/??.)                (2.1) 
 
     where ?? is the specified original limit in microvolts per meter (µV/m) at a distance 
of  ??. ??will be the new limit at ?? distance [4]. 
For  example  at  10m  distance  test  limit  for  class  B  ITE  is  30  dB?V/m from 30 – 230 
MHz. The new test limit at 3m distance for the same frequency and ITE can be calcu-
lated as follows:                                                                 ?? ? 30 dB?V/? 
 
which in linear scale (µV/m) is                                                                 ?? ? 10?????? ? 31.6 ?Vm . 
Using (2.1) we obtain                                                                 ?? ? 31.6 ???? ? ? 105.4 ??? . 
which after change of unit reads                                                                  ?? ? 20 log?105.4? ? 40.4 dB?Vm  
 
Thus the test limit at 3m distance would be 40 dB?V/m. 
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2.5. Radiated emission test 
In order to avoid interference to the devices being operated in the close vicinity of a 
device it is mandatory to perform radio disturbance measurements on that device. Every 
electronic device radiates EM signals into air that can spoil the normal behavior of other 
devices. These radiations can be controlled up to a certain level so that they are not 
harmful for other devices. A number of international regulatory authorities were estab-
lished to determine the allowed disturbance levels for all electronic devices.  
     One main regulatory authority is International Electrotechnical Commission (IEC) 
with  some other  sub  authorities  and  committees  [3].  These  regulatory  bodies  have  in-
troduced certain limits for the radiated radio interferences for devices to be used for 
commercial and military applications. Measurement equipment and methods have also 
been specified in different testing standards. If the emissions from a device cross the 
specified limit during testing, the device is declared as fail and cannot be sold and used. 
In this context radiated emission test is very important since it determines the pass/fail 
criteria of a newly developed device [1]. The design engineers follow the guidelines of 
regulatory authorities at design stage so that EMC issues could be minimized.  In addi-
tion a prototype testing that is also called precompliance testing is performed to predict 
the EMI/EMC behavior of the newly designed electronic device.  
     Commercial radiated emission test standard CISPR 22 and its latest versions de-
scribe measurements of radiations in the form of electric field with a unit of ????
?
. Far 
field RE measurements are recommended in CISPR standards [4].   
2.5.1.     Requirements for RE test equipment 
The specifications of the equipment required for RE test have been described in CISPR 
16-1-1 in detail [4]. A brief description is given in the following sections.  
 
Measurement receiver: Measurement receiver can be a spectrum analyzer or an 
EMI test receiver. An EMI test receiver is a very useful test instrument for the meas-
urement of radiated emissions. The required features that an EMI test receiver should 
have when used as a measuring instrument for radiated emission test are detailed in 
CISPR 16-1-1. A test receiver is the same as a super heterodyne spectrum analyzer with 
some extra features for example pre-selector, preamplifier, peak, quasi peak and aver-
age detectors. The pre-selector of a test receiver is very useful because it contains input 
attenuator and a tunable bandpass filter. This combination of attenuator and bandpass 
filter  not  only  improves  the  dynamic  range  of  the  receiver  but  also  prevents  the  input  
mixer from overloading. The preamplifier is used to increase the signal strength and to 
improve the sensitivity of the measurement receiver [12].      
     The recommended detector for a measurement receiver in CISPR standards is quasi 
peak. However, quasi peak detector is very slow as it takes relatively long time to com-
plete a measurement than peak or average detectors. The major reason behind its slow 
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operation is weighted charge and discharge times. That is why a peak detector is nor-
mally utilized for RE measurements so that measurement time can be saved. A peak 
detector detects peak value of a signal and due to rapid discharging capability its re-
sponse time is much faster than quasi peak detector [12].  
     The  bandwidth  of   intermediate  frequency  (IF)  filter  of  a  measurement  receiver  is  
also known as resolution bandwidth (RBW) and if selected properly, it plays very im-
portant role in distinguishing, separating and resolving adjacent frequency signal com-
ponents. The settings of RBW for different frequency ranges are specified in CISPR 16-
1-1. The time taken to complete a measurement over a frequency band is directly af-
fected by sweep time (ST) of the measurement receiver. The displayed amplitude levels 
are not accurate if the mixing products are swept faster through the IF filters. The time 
in pass band (TP) is the time taken by mixing products through IF filters and it is given 
as [12] 
   TP = RBW*ST/Freq. Span              (2.2) 
 
     where ST is sweep time of the measurement receiver; the time taken to scan a given 
frequency span. Freq. Span refers to a specific frequency span of the measurement re-
ceiver. It is worth mentioning here that dwell time and scan steps are also possible to be 
set by user to scan a given frequency span. The extra time taken to measure emission at 
each scan step is called dwell time. At each specific frequency the duration of meas-
urement is determined by dwell time so it is very important feature of a measurement 
receiver. The accuracy of the measurements is directly proportional to dwell time that 
means higher dwell times result better accuracy for a specific measurement. For better 
accuracy of measurements scan step should be 50% or even smaller than RBW [12]. In 
case of measurement receivers which provide the facility of dwell time settings, ST 
equation becomes 
    TST = ST + (N * DT)               (2.3) 
 
where TST = Total sweep time required to scan the entire frequency range. 
ST = Sweep time automatically set by the receiver depending upon span and RBW. 
N = Span/scan step = Total number of steps taken to complete the entire span. 
DT = Dwell time 
 
Antennas: An antenna is a transducer that is used to capture radiated emissions 
emitted by EUT. The antennas used for radiated emission test are designed for far field 
measurements because the test limits given in CISPR standards are in far field. The far 
field in general, is defined as the distance greater than one sixth of a wavelength [13]. 
     Incident electric field on an antenna produces voltages at antenna terminals which 
are fed to a measurement receiver. As  the  antenna  acts  as  transducer  there  is  always  
some loss of energy before changing its form. It means an antenna presents loss of sig-
nals. The ratio of the incident electric field at antenna and voltage present at its termi-
nals is called antenna factor (AF) and can be written as follows: [3] 
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                                        AF = 
?????
????
            (2.4) 
 
     where ?????  is the magnitude of incident electric field at antenna in 
?
?
 and ????? is the 
magnitude of received voltage at antenna terminals in volts. As the antenna factor is a 
ratio between electric field and voltages so its unit is ??? and it is normally expressed 
in dB. The antenna factor is a function of frequency and should be calculated over the 
entire operating frequency range of the antenna [3]. Usually antenna factor data is pro-
vided by the manufacturers of antennas in operating manuals.            
     The antenna captures the electric field and converts it into volts at its terminals. Fi-
nally these voltages are fed to a spectrum analyzer that is a measurement receiver. Gen-
erally, antennas like biconical and log periodic are used for RE measurements. Both 
these types are linearly polarized antennas and typically cover the frequency ranges of 
30 MHz – 300 MHz and 300 MHz – 1 GHz respectively. They are combined in bilog 
antenna that exhibits the characteristics biconical and log periodic antennas for a specif-
ic frequency range [14].    
     CISPR 16-1-1 recommends antennas for RE test having low directivity so that the 
ground plane reflections are not significantly attenuated. In CISPR 16-1-1, the permis-
sible system uncertainty offered by antenna, cable loss, receiver and other mismatch 
losses excluding test site is 3 dB. This standard also suggests antennas with linear polar-
ization and voltage standing wave ratio (VSWR) less than 2:1 for RE measurements 
[14]. Gain is also an important feature of antennas. Every antenna provides some ampli-
fication to the detected low level signals. Thus the frequency range, gain and antenna 
factor of the antenna to be used for RE measurements should be carefully examined.     
     Bilog antenna CBL 6111C available in EMC lab of TUT was employed for the RE 
measurements of sample EUT. It covered the frequency range of 30 MHz – 1 GHz and 
presented a typical gain of 5 dB with an average VSWR of 2:1 [15]. These specifica-
tions meet the requirements of CISPR standards. 
Preamplifier: A  preamplifier  is  a  device  used  to  enhance  strength  of  the  signals  
picked  up  by  the  antenna.  It  is  a  low noise  amplifier  that  amplifies  the  emission  data  
before it is displayed on the screen of a measurement receiver. It provides enough gain 
for the weak signals captured by antenna and hence increases the sensitivity of the 
measurement receiver. It should not present any noise to the received signals. Normally 
the preamplifiers designed for EMI measurements are low noise and EMI/EMC quali-
fied.  
     A preamplifier should be selected very carefully since it is supposed to amplify the 
incoming weak signals in such a way that the strength of these signals gets greater than 
the sensitivity of the measurement receiver but less than the maximum signal strength 
that a receiver can handle. Latter case is important since it avoids overloading of the 
receiver. In addition, a preamplifier should be wideband and stable to cover the whole 
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frequency  range  of  the  test.  The  preamplifier  is  assumed to  compensate  all  the  losses  
offered by cables, connectors and antenna factor [16].  
     The available preamplifier that was utilized for RE test was Sonoma instrument 310 
because it offered a gain of 32 dB from 9 kHz to 1GHz [17]. The gain presented by that 
preamplifier was enough to distinguish between noise floor of the measurement receiver 
and radiated emissions.  
RF cables: RF cables with minimum attenuation are recommended for RE test since 
the radiated disturbances captured through the antenna have very weak power. The at-
tenuation and frequency range of RF cables are to be kept in mind prior to their selec-
tion. The attenuation is measured in dBs per meter and it should be as small as possible. 
This attenuation is also known as insertion loss or cable loss. The insertion loss of the 
cables available in EMC lab of TUT which were employed for RE measurements was 
measured before using them for RE test. For automatic calculation of insertion loss a 
special program was developed in Agilent VEE. The results were saved for further use 
in correction factor calculations.  
2.5.2. Correction factors 
The implementation of correction factors is very important in RE test. The measurement 
data that is shown on measurement receiver’s screen needs to be corrected before it is 
displayed in VEE and compared with a specified test limit. In order to know the exact 
emission spectrum of the EUT all the losses should be added into this raw data and all 
the amplification factors need to be subtracted from it. The finalized emission data to be 
displayed on the graph and compared with applicable test limit is given as follows:  
 
   RE_data = (Raw_data + antenna_factor + cable_loss) – Preamp_gain      (2.5) 
 
     where Raw_data is  the emission spectrum of the EUT displayed on the screen of a 
measurement receiver without implementing the correction factors, RE_data is the orig-
inal emission spectrum of the EUT after accounting for all the correction factors, anten-
na_factor is the loss offered by antenna that occurs during conversion from electric field 
to volts, cable_loss is attenuation presented by RF cables and Preamp_gain represents 
that amplification factor of preamplifier used during RE measurements. The values of 
correction factors were calculated with the help of (2.5) and the results were saved in a 
file so that correction factors data could be incorporated in RE data.  
     In practice correction factors were calculated with the help of a signal generator, 
preamplifier, RF cables and a spectrum analyzer. A signal from the signal generator was 
fed to the spectrum analyzer through RF cables intended to be used for RE test. The 
process continued from 30 MHz to 1 GHz with a fixed level of -20 dBm. The attenua-
tion of the cables was calculated by this method. In next step, preamplifier was added 
into the path and the whole process was repeated for the whole frequency range of RE 
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test. Subtracting the attenuation of the cables from this data gave the gain of the pream-
plifier. The values of antenna factor were taken from the operating manual of the anten-
na.   
     Correction factors are determined prior to RE measurements and for the entire fre-
quency range of the test. The values of correction factors are valid as long as the test 
setup stays the same. It means correction factors calculated for a specific RE measure-
ment can be utilized for future measurements if the antennas, cables, preamplifier under 
use and the measurement distance stay the same.  
2.6. Radiated immunity test 
The block diagram in figure 2.5 illustrates the necessary test instrumentation used for RI 
test  along  with  a  general  idea  of  how  to  conduct  this  test.  The  antenna  and  EUT  are  
placed inside the anechoic chamber whereas other devices are put in the control room. 
The signal generator generates electrical signals that are amplified by a power amplifier 
and fed to an antenna through a directional coupler. The antenna radiates this electrical 
energy in the air as electromagnetic field that is applied on the EUT. A power meter is 
used to measure the signal strength of forward and reverse powers produced by power 
amplifier. However, the directional coupler and power meter are optional and normally 
not used in RI test. The computer controls the signal generator levels so that the re-
quired electric field strength could be generated inside the anechoic chamber [18]. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5 Block diagram of radiated immunity test setup 
 
The original frequency range of RI test for a large number of EUTs that is recommend-
ed by IEC standards is 80 – 1000 MHz. Due to recent developments in digital radio 
phones and wireless devices it has been extended up to 6 GHz. 
     Electromagnetic compatibility (EMC) is essentially the opposite of EMI. EMC is the 
ability of an electronic device to sustain its normal function in the intended EM envi-
ronment and not produce or be susceptible to interference. 
A device is electromagnetically compatible if [1] 
a. It does not cause interference with other devices.  
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b.  It is not susceptible to emissions produced by other devices.  
c. It does not cause interference with itself.  
The objective of the radiated immunity test is to make sure that EUT does not suffer any 
malfunction when operated in its intended EM environment. From above mentioned 
points, b and c are verified by RI test for all EUTs. If a device qualifies RI test it means 
it would neither be susceptible to emissions produced by other devices operating in its 
vicinity nor be disturbed by interference generated by itself.  
     During RI testing, the EUT is tested as receiver of EM energy and an externally gen-
erated electric field, specified by an international testing standard is applied on it and its 
performance is monitored. EUT should sustain its normal function under this applied 
field in order to qualify RI testing requirements. The test frequency range and electric 
field strength both are defined by the applicable standard. A large number of electronic 
devices are tested against IEC 61000-4-3 testing standard. 
2.6.1. Requirements for RI test equipment 
The test equipment required for RI testing is given below: 
a. Signal generators 
b. Power amplifiers 
c. RF cables 
d. Antennas 
e. Isotropic electric field probe 
f. Electric field monitoring system 
g. Computer with a testing software 
 
The computer contains testing software to run the RI test automatically with the help of 
GPIB, parallel or serial interfaces. There are certain specifications and features recom-
mended for each of above mentioned test equipment in IEC and CISPR standards. The 
mandatory specifications and properties of test instruments employed in RI testing are 
explained in detail in the following sections. 
Signal generators: The signal generator intended to be utilized for RI test should 
be  able  to  generate  signals  over  the  entire  frequency  range  of  the  test  with  sufficient  
levels. It should also have the capability to generate continuous wave (CW) and modu-
lated signals of all the modulation types and various depths mentioned in IEC and 
CISPR standards. The signal generator must have a good frequency and level resolution 
so that unwanted effects in EUT, antenna or power amplifier could be avoided. A poor 
resolution might produce transients that can be harmful for power amplifier, antenna 
and EUT [18]. A signal generator must be capable of covering the entire frequency 
band of interest. It should have ability to generate carrier signals being amplitude modu-
lated by 1 kHz sine wave with 80 % depth. In case of synthesized sweepers step size of 
the frequencies and dwell time needs to be set carefully [6].  
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Power amplifiers: A power amplifier is the most important component of radiated 
immunity test since it determines the electric field strength to be applied on devices 
under test [19]. Power amplifiers must provide high power sufficient to generate the 
required electric field strengths over the whole frequency range of RI test. A power am-
plifier should also have ability to withstand with high VSWRs. Usually broadband 
power amplifiers having open and short circuit protections are used for RI testing. The 
linearity of a power amplifier is a very important property since nonlinearity would re-
sult undesired harmonics. These harmonics can be dangerous because they may create 
problems for transmitting antennas and EUT [18]. 
     The harmonics generated by a power amplifier should be such that at each harmonic 
frequency any measured field strength in the Uniform Field Area (UFA) must be at least 
6 dB below the fundamental frequency. If harmonics are significantly present during 
calibration, the measured field strength at intended frequency can be incorrect. When 
harmonics are significant during test, they may cause EUT failure. Nonlinearity and 
saturation in power amplifiers result harmonic distortion so both of these situations need 
to be avoided. Saturation may lead to incorrect modulation index during the execution 
of RI test [6]. 
     A power amplifier must present a reasonable gain to the signals generated by a sig-
nal generator. The gain of the power amplifier should be sufficient so that the transmit-
ting antenna can generate intended electric field strengths. The gain of an amplifier does 
not need to be constant over the entire frequency range. Amplifiers are considered linear 
up to 1 dB compression point. This is the point where the output of an amplifier differs 
from ideal predicted output by 1 dB and it normally occurs from 60-75 % of the saturat-
ed output power [18].  
     Power amplifiers have to be capable of handling modulated signals with various 
depths. IEC 61000-4-3 mandates amplitude modulation with 80 % modulation index 
and it is implemented with a 1 kHz sine wave [6]. 
 
Selection of correct power amplifier: In order to find an amplifier that meets the 
requirements of RI test we need to calculate the system losses. System loss includes the 
loss offered by cables, connectors and RF switched/adaptors. The power fed to the an-
tenna is estimated by (2.7) and if the system loss is also calculated, the final power that 
an amplifier needs to deliver can be found by (2.6)   
 
     P ? 10??????????????????????????? ?  W                        (2.6) 
 
where P is power in watts delivered by power amplifier, L????????? expresses the atten-
uation of cables in dB and P??? represents the power fed to the transmitting antenna. 
Above equation gives linear power so an amplifier is chosen based on the specification 
of 1 dB compression point [6]. 
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Immunity testing antennas: A variety of transmitting antenna can be used to 
generate required electric field strengths inside a shielded enclosure. Typical antenna 
types being employed for immunity measurements are high power biconical, log period-
ic and ridged rectangular horns [20]. The maximum electric field strength that can be 
achieved is a function of the power radiated from the antenna. The important parameters 
of a transmitting antenna to be utilized for immunity testing are directivity, gain, beam-
width, polarization, power handling and VSWR. 
Gain and directivity: Gain and directivity specify the ability of an antenna to con-
fine the transmitted signal in a desired direction. The ratio of radiated power in a given 
direction to the power radiated in all directions is called directivity [21]. By IEEE defi-
nition, the gain is the product of directivity and ohmic losses. As most of the antennas 
are made of aluminum or other metals having high conductivity so ohmic losses are 
insignificant. Therefore, gain is assumed as directivity [22]. For antennas intended to be 
utilized for immunity testing directivity is very important since it determines the illumi-
nation area. Antennas having relatively high directivity are preferred for RI testing be-
cause they maximize the area covered with a uniform electric field. IEC 61000-4-3 also 
mandates uniform field area (UFA) at the location where EUT is placed [14]. 
Polarization: The mandatory polarization of the antennas to be used for immunity 
measurements mentioned in CISPR 16-1 is linear. Transmitting antennas need to gener-
ate electric fields in horizontal and vertical polarizations.  
Power handling: Power handling capability of an antenna intended for immunity 
testing is a very important feature. In principle it is a function of balun design because 
some of radiated power is dissipated in balun. This power dissipation in balun raises the 
temperature that decreases the power applied to the antenna [14]. 
Beamwidth: For radiated immunity testing narrow beam antennas are used so that a 
particular area can be exposed with strong electric field strength [14]. 
VSWR: To make best  use of the power amplifiers the VSWR of the transmitting an-
tennas employed for RI testing should be minimum. The VSWR allowed in CISPR 16-1 
is  2:1.  A  good  VSWR  is  essential  to  minimize  the  reflections  from  the  antenna.  The  
VSWR of an antenna limits the radiated power required for immunity measurements. A 
VSWR of 3:1 results half of the radiated power from the antenna to be reflected back. 
Therefore, RI testing antennas with low VSWRs are considered more efficient [14]. 
 
Selection of correct antenna: Selecting the correct antenna is very crucial. Based 
on the parameters explained above it is important to choose an antenna that is capable to 
generate desired field strengths. The required power at the antenna input to generate an 
intended electric field can be calculated as [6] 
 
                     P ? ??????
?????
?????????
  W          (2.7)  
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where P is radiated power in watts, E shows the strength of electric field in V/m, d rep-
resents the distance in meters and G??? is the isotropic gain of the antenna in decibels. 
For example for 10 V/m field with 80 % amplitude modulation that is equivalent to 18 
V/m, the required input power would be calculated as given below. Antenna gain is 
assumed to be 5.5 dBi at 3 meter distance [6]. Once the values are substituted into (2.7) 
we obtain 
       P ? ?18 ? ???30 ? 10???????? ? 27.39 W 
 
In an ideal RI test setup this power is required at antenna bore site. It is always good to 
allow a margin of 2-3 dB for errors caused by antenna setup, attenuations of cables and 
chamber variations. Adding a 3 dB margin to compensate errors, for a uniform field 
measurement an uncompressed power of 54 watts is required at the antenna input to 
generate 10 V/m electric field strength with 80 % amplitude modulation [23]. This is 
why power handling capability of a transmitting antenna intended to be used for RI 
measurements is very important. 
 
Electric field probe: An electric field probe, also known as field sensor is a very 
important component of RI test. It senses the electric field generated by transmitting 
antenna, converts electrical energy into optical signals and sends them to field monitor-
ing system through fiber optic cables. Calibration of the electric field over the whole 
frequency range of RI test is done with the help of electric field probe. IEC 61000-4-3 
mandates 16 point field calibration that cannot be exercised without a field sensor. 
There are two independent fiber optic cables attached to field probe, transmitter and 
receiver.  
     An isotropic electric field probe consists of three axes and each axis has an inde-
pendent antenna that senses the electric field. The error of reading must be within a 
permissible tolerance. An ideal field probe does not offer any loss and can be positioned 
anywhere to read accurate electric field data [23]. However, readings should be taken in 
CW mode because common probes do not exhibit linear response to modulated RF sig-
nals throughout their entire operating frequency range. The temperature variations also 
play an important role in field measurements.   
     Since an electric field probe is intended to be used inside the anechoic chambers it 
should have built in rechargeable battery. The battery discharge time also should be 
sufficient to perform the entire RI test comfortably. The important parameters of a field 
probe when engaged in RI testing are described below:   
Frequency response: It is the frequency range for which a particular field probe is 
used to read the electric field. Generally, the frequency response of a probe is not flat 
over the entire frequency range. Therefore, an acceptable tolerance in ±dB is always 
permitted. A frequency response curve is usually supplied with probe by the manufac-
turers [24]. An electric field probe should cover the whole frequency range of the im-
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munity test. Latest models of electric field probes are quite broadband. However, before 
selecting a particular probe frequency range requirements should be carefully examined. 
Calibration factors: Calibration factors are always provided with every probe and 
must be updated at least once a year. Correction factors are given as multiplication fac-
tors in dBs and they flatten the frequency response of a probe when incorporated. Mod-
ern electric field probes have an ability to update their correction factors automatically 
[24].  
Sensitivity/dynamic range: The sensitivity of a field probe is important since it 
determines probe’s ability to respond weak RF signals accurately. The most sensitive 
probes can even read electric fields of few hundred ??
?
. Dynamic range is the total range 
of electric field a probe would respond to. Probes with greater dynamic ranges are con-
sidered suitable for electric field measurements. Latest probes have dynamic range that 
start from 0.5 V/m and may go up to 800 V/m [24]. 
Linearity: It is the measure of deviation from an ideal response over the entire dynam-
ic range of the field probe. A field probe must be linear because a slight variation from 
ideal response may cause additional errors in readings [24].    
Overload/Power handling: It is referred as the field level where damage can occur 
to the field probe. The power handling capability of a field probe is very critical feature. 
A field sensor should be able to withstand with the desired electric field strengths gen-
erated inside the chambers for a particular EUT. Mostly field probes are designed for 
higher power ratings which are not used in practical applications. Almost all the models 
of field probes are designed to sustain their normal operation under the illumination of 
very strong electric fields of over 200 V/m. Overload can be stated as a maximum 
pulsed level or a CW level that may damage the probe [24].  
Response time: The response time is the time that a probe takes to respond an ap-
plied RF field. Probes with faster response times are preferred for immunity measure-
ments [39]. 
Sample rate: The rate at which the information can be retrieved from a field probe is 
known as the sample rate. A high sample rate results quick response to field variations 
and it reduces the test time as well. The sample rate is measured in samples per second 
[24]. 
Probe type: In general, the configuration of the probe sensors is considered as probe 
type. Most of the modern probes are isotropic and the total field value measured with 
isotropic probes is unaffected by polarity. This is achieved by summing field values 
from three sensors placed orthogonal to each other [24]. 
Temperature stability: It is the deviation of the probe reading over the entire operat-
ing frequency range as a function of temperature. If there is significant change in tem-
perature between calibration and actual test run then the probe reading will contain error 
that is directly proportional to the temperature variations [25]. In this case probes need 
correction formula to be applied [24]. 
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Control: The control refers to the method of communication used with a probe. Fiber 
optic is the most commonly used control in immunity measurements. The prime ad-
vantage of fiber optic cables is that they are non metallic and do not cause or suffer in-
terference from strong RF fields. Therefore, electric field data is not corrupted when 
fiber optic control is implemented for field probes [24].  
Data returned from probe: There  are  two methods  to  display  the  data  read  by  a  
field probe. The first method is to read data of each axis separately and the second is to 
get composite data of all three axes. Normally, second method is used but in certain 
applications where polarity of the field needs to be determined, readings from individu-
al axes are also required [24].   
Battery discharge time: The battery discharge time of a battery powered field probe 
is  also  a  crucial  property.  Once  the  battery  is  charged  it  should  work  for  a  long  time  
enough to complete the whole calibration process of RI test. Modern field probes have 
very strong batteries with a good battery time. Charging cycles limit the life of a battery 
powered probe, therefore reliability is a big issue of these probes. Laser powered probes 
have been specially designed to counter the reliability issues. They have completely 
different charging mechanism than battery powered probes [24].  
 
Electric field monitoring system: A device employed to display the data of 
electric field of a field probe is called a field monitor. Mostly it is used in manual mode 
of operation but due to versatility it can also be utilized for automated measurements. 
Typically a field monitor is capable to handle four field probes at a time. The readings 
of four different electric field probes can be displayed on a field monitor. Moreover, 
electric field of individual axes of a particular probe can also be displayed on it [24].  
     The alternative approach to display the electric field data of a probe is to connect it 
directly to the computer. When RI test is intended to be performed completely automat-
ic, RF field probe is connected to a computer via RS-232, USB or GPIB interfaces. 
Most battery operated probes use fiber optic to RS-232 adaptor to connect to a computer 
whereas laser powered probes offer a variety of interfaces including RS-232, USB, 
GPIB (IEE-488) and fiber optic serial. This approach demands a field monitoring soft-
ware that is usually provided by the manufacturer. However, a user created custom 
software can also be used [24].   
     The  fiber  optic  to  RS-232  or  USB  adaptor  is  also  called  a  modem  and  it  converts  
optical signals into electrical signals. These electrical signals contain information of 
electric field data and fed to a computer. Later on this electric field is displayed in soft-
ware in numerical form. 
2.6.2. Selection of RI test equipment 
In the light of CISPR recommendations the appropriate test equipment for RI test was 
searched. Quotations for power amplifiers, electric field probe and field monitoring 
system from different manufacturers were fetched. Based on useful features and specifi-
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cations a power amplifier, electric field probe and field monitoring system were rec-
ommended for purchase. The selection of finalized equipment to be purchased was done 
on the basis of specifications and price. As compared to Australian company RFI’s 
power amplifiers; the power amplifier of a German company (Frankonia) was quite 
cheaper. In addition, only one power amplifier unit covered 80 MHz-1 GHz frequency 
range. Therefore, FLH-200B was recommended for RI test. In case of field probe and 
field monitoring system ETS-Lindgren was the prime manufacturer, therefore those 
equipments were purchased from ETS-Lindgren. The field probes of ETS-Lindgren 
meet mandatory requirements of IEC and CISPR standards and are easy to operate.   
     Signal generator SMR 20 and bilog antenna CBL 6111C available in TUT’s EMC 
lab covered the essential frequency range of RI test (from 80 MHz to 1 GHz). The sig-
nal generator SMR 20 could handle almost all types of modulations with a soft control 
of modulation index. The dwell time of SMR 20 could also be controlled depending 
upon the requirements [26]. In addition, both equipment were meeting mandatory re-
quirements of CISPR standards for immunity testing, therefore they were discarded 
from purchase list.  
     Bilog antenna CBL 6111C can be utilized for RI testing because it can generate an 
electric field of 10 V/m from 80 MHz to 1 GHz. The average gain provided by this an-
tenna over the entire operating frequency range is 5 dB with a power handling capabil-
ity of 300 watts (CW). The average VSWR of this antenna is 2:1 over the whole fre-
quency range [15].      
     The most important component of RI test is power amplifier. The power amplifier 
which fulfilled our specifications and was planned to be purchased for RI test was 
Frankonia’s FLH-200B [27] but due to lack of funds it could not be purchased for this 
study. An isotropic electric field probe HI 6005 was procured to read the electric field. 
It could handle electric field strength up to 800 V/m at frequency range of 100 kHz to 6 
GHz [28]. To monitor and display the field a specially designed modem, HI-4413 (fiber 
optic to serial converter) was purchased from the same manufacturer.  
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3. FEASIBILITY STUDY OF ANECHOIC 
CHAMBER FOR RADIATED IMMUNITY TEST 
This chapter presents study of anechoic chamber of TUT’s EMC lab in detail. The 
chapter begins with a brief discussion about different types of chambers used for EMC 
measurements. This feasibility study consists of specifications, properties of microwave 
absorbers and ferrite tiles used in chamber under study. In addition, the information 
about the shielding effectiveness and isolation of the chamber as a whole is also pre-
sented in this chapter. A microwave anechoic chamber provides the facility of indoor 
measurements with isolation of 80 – 100 dB from external electromagnetic environment 
[29].  
     An anechoic chamber is a specially designed room that is used to absorb the reflec-
tions created by electromagnetic waves [30]. The design usually consists of a conduc-
tive housing with microwave absorbers and ferrite tiles pasted on the walls and ceiling. 
An anechoic chamber is used to perform RE and RI testing, antenna radiation pattern 
and radar cross-section measurements according to a variety of testing standards [30]. 
3.1. Anechoic chamber 
A shielded enclosure having reflection free properties and primarily employed to per-
form EMI/EMC testing, antenna and radar cross-section (RCS) measurements is called 
anechoic chamber. Three major types of chambers are being used for different testing 
purposes depending on their design and isolation. A short introduction of these cham-
bers in general as well as brief description of the microwave chamber under study has 
been summarized in this section.  
3.1.1.   Semi anechoic chambers 
Anechoic chambers that do not have microwave absorbers on the floor of the housing 
are called semi anechoic chambers. Usually the floor is metallic and conductive but 
some chambers may have non conductive floor as well. To make the floor non conduc-
tive a special carpet is laid down on it. Semi anechoic chambers are extensively used for 
radiated emission and radiated immunity testing.  
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3.1.2.   Fully anechoic chambers 
A fully anechoic chamber also has microwave absorbers on the floor. It is normally 
used to characterize antennas. In this kind of chambers, EMI/EMC testing, radiation 
patterns and VSWR measurements of antennas and radar cross-section measurements of 
different devices are performed.  
3.1.3.   Reverberation chambers 
A reverberation  chamber  is  a  special  type  of  screened  rooms that  is  primarily  used  to  
conduct radiated immunity testing. The main feature of this chamber is that it is totally 
conductive with no absorbing material on the walls, ceiling and on the floor. Very high 
electric fields can be generated in reverberation chambers due to complete absence of 
absorbing materials with low input powers because of their design. A reverberation 
chamber acts like a cavity resonator with a very high quality factor. The distribution of 
electric and magnetic fields in this kind of chambers is inhomogeneous. In order to con-
trol this inhomogeneity special tuners are used which are constructed from large metal-
lic reflectors. Various boundary conditions are achieved by moving these tuners to dif-
ferent orientations. [31] 
 
Figure 3.1 Reverberation chamber [31] 
3.2. Ferrite tiles 
A ferrite tile is a special type of RF absorber that offers smaller attenuation than micro-
wave foam absorbers and is useful for low frequency applications. Ferrite tiles utilized 
in microwave anechoic chambers provide 10 – 25 dB [32] absorption between 30 MHz 
to 1 GHz frequency range. Materials used to make ferrite tiles are nickel and zinc [33]. 
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The ferrite tiles to be used as absorbers in anechoic chambers are shaped in the form of 
plates. The back side of these plates usually has some dielectric for example plywood. 
Microwave absorbing properties of the ferrite tile as well as plate thickness and the ze-
ro-reflection frequency are determined by its magnetic permeability (µ) and dielectric 
constant ??) [33]. The size of the tiles ranges from 60 mm x 60 mm to 200 mm x 200 
mm but the industry standard that is commonly used in chambers is 100 mm x 100 mm 
(4 in x 4 in). The thickness varies from 3.9 mm to 19 mm but the most common thick-
nesses that are being used for IEC 61000-4-3 radiated immunity testing are 6.3 mm, 6.5 
mm and 6.7 mm [34].  
     By minimizing tile to tile gaps maximum low frequency performance can be 
achieved. Therefore, tolerance of tiles (tile to tile gap) plays an important role when 
machined. To ensure a tight tile to tile fitting and easy installation, tolerance should be 
minimum.  The  tiles  are  pasted  on  a  dielectric  usually  wooden spacer  with  the  help  of  
adhesive before mounting them on the walls of a chamber. This dielectric provides sep-
aration from the shielded wall of the chamber hence enhancing the high frequency per-
formance of the tiles [34].  
     The material used in ferrites belongs to a class of ceramic with a cubic crystalline 
structure [34]. The chemical formula of ferrite is ??????? where ????? refers to iron 
oxide whereas ?? is the combination of two or more divalent metal oxides. There are 
two basic  varieties  of  the  ferrite;  soft  and  hard.  Soft  ferrite  does  not  retain  significant  
magnetization but hard ferrite is utilized for permanent magnets. That is why ferrite tile 
absorbers  are  made  of  the  soft  ferrites  that  are  commonly  zinc,  nickel,  manganese  or  
copper oxides [34]. 
     Ferrite tile absorbers are also known as magnetic absorbers. Maximum absorbing 
capability can be achieved by placing them on the metallic surface of conducting walls 
of the chamber. The important parameters of ferrite tile absorber performance are per-
meability and loss tangent that offer good absorption at low frequencies [35]. 
     Like other ceramics, ferrite tiles become rigid and brittle when sintered in a kiln and 
pressed from a powdered precursor. The mixture of different ferrite materials and sin-
tering process affect the mechanical and electromagnetic properties of the tiles. Moreo-
ver, sintering also causes shrinking of tiles from 10 % to 17 % in each dimension. 
Therefore, shrinking issues are catered with proper machining to maintain correct di-
mensions during manufacturing process [34]. 
     A very important issue related to ferrite tile installations is the gap between two tiles 
because the minor changes in the gap dimension result large variations in the reflectivi-
ty especially at lower frequencies. This change in reflectivity causes degradation in the 
performance of the chamber. The studies have shown that even small gaps among tiles 
cause large changes (5 to 10 dB) in the reflectivity at lower frequencies. This problem 
not only seriously affects the performance of the chamber but also degrades its ability to 
meet specifications [36]. 
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3.3. Microwave absorbers 
In RF and microwave context an absorber is a material that attenuates the energy of an 
electromagnetic wave. Microwave absorbers are used in a variety of applications to 
eliminate stray and unwanted radiations so that interference among different electronic 
devices could be controlled. During manufacturing of these absorbers temperature and 
humidity constraints are taken into account so that absorbers can also work properly in 
extreme weather conditions [34]. 
     A microwave absorber is an important element of an anechoic chamber. These ab-
sorbers absorb the electromagnetic energy and hence provide attenuation to unwanted 
reflections created by EM fields inside the chambers. The properties of microwave ab-
sorbers depend on frequency. The material that is commonly used in the manufacturing 
of microwave absorbers for anechoic chamber applications is a foam base with impreg-
nated carbon. Typically foam base is made of silicon or polyurethane [37].  
     Usually the absorbers employed in chambers are cut into pyramidal shapes. The 
most important features of microwave absorbers are frequency range of operation, pow-
er handling capability and fire retardancy. Normally microwave pyramidal absorbers 
are broadband and based on tapered impedance principle. The impedance of the pyram-
idal absorbers is increased steadily from free space impedance at the incident surface. 
Lossy material is used at the rear side and as a result the absorber attenuates the signal 
as it travels along the depth of the absorber. A tapering shape simulates continuous 
changing dielectric. The performance of pyramidal absorbers is directly related to size - 
low frequency performance necessitates larger pyramids. [34].  
     To provide fire retardancy and resistance to moisture a double immersion process is 
employed in which foam is impregnated with a conductive carbon formula. Then the 
carbon impregnation is forced-dried and inspected. After drying, a water-soluble salt 
solution is used to submerge and impregnate the foam that is again inspected and 
forced-dried. Additional 6 inches absorbers positioned at the base of the large absorber 
enhance the high frequency performance of the microwave absorbers [37].  
3.4. Anechoic chamber of TUT 
The chamber present in TUT’s EMC lab is metallic with ferrite tiles pasted on the walls 
and ceilings. Additionally, after the ferrite tiles FS-400 microwave absorbers are in-
stalled on the inside walls and ceiling with extra removable absorbers on the floor [29]. 
Basically this is a semi-anechoic chamber but due to additional absorbers placed on the 
floor it depicts the properties of a modified semi anechoic chamber. Usually all the ane-
choic chambers have a door that is made of firm metallic spring contacts to provide 
good isolation. It is used to move EUT, antennas and other accessories in and out of the 
chamber. The chamber under study has metallic outer walls with metal spring contacts 
along the panel joints in order to prevent the leakage of electromagnetic energy [29].  
     The structure of this anechoic chamber is made of hot galvanized rigid steel panels. 
The joints of these panels are bolted together by using a special gasket. This gasket is 
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made  of  copper  clad,  tin  coated  steel  wire  mesh  with  a  thickness  of  5  –  6  mm.  It  ex-
presses excellent conductivity between the panels when pressed down to 2 mm. The 
bolts, nuts and washers used in the structure are all zinc plated to illustrate good con-
ductivity. The floor is made of plywood and EUTs having 500 kg weight can be put on 
it. There is a ground plane made of galvanized steel plate on the top of the floor that has 
been covered with a carpet [38]. The dimensions of the chamber under study are 6.88 
(L) x 3.2 (W) x 3.2m (H) and it is called a modified semi-anechoic chamber due to ad-
ditional  absorbers  on  the  floor.  A  chamber  is  also  called  a  measurement  site  and  has  
been defined in CISPR standards as follow: 
     “A measurement site shall be considered acceptable if measured site attenuation is 
within ±4 dB of the reference values for both horizontal and vertical polarization and 
for the volume intended to be occupied by EUT” [4] [39].  
     A view of TUT’s anechoic chamber with absorbers on the walls and floor is shown 
in figure 3.2. 
 
 
Figure 3.2 View of walls and floor of TUT’s anechoic chamber 
 
     Ferrite tile model FT-100 [38] has been installed on the inner walls and ceiling of the 
anechoic chamber. This structure combines precision machined ferrite tile with a tuned 
dielectric backing layer to provide high performance. For compatibility with radiated 
immunity testing standard IEC 61000-4-3, ferrite model FT-100c has been employed at 
the floor and covered with a special grade carpet surface. It offers a power handling of 
1000 V/m and 16 dB absorption over the frequency range of 30 MHz to 1 GHz [38]. 
Figure 3.3 represents the ferrite tiles pasted on the inner walls and ceiling of the cham-
ber under study. 
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Figure 3.3 ferrite tiles lined on the inner walls of TUT’s chamber 
 
     Usually, FS-400 broadband high performance hybrid polyurethane dielectric micro-
wave absorbers which have been lined on the inner walls and ceiling of the chamber are 
used in space saver and 3 m chambers. The polystyrene (aka Styrofoam) put on the ab-
sorbers produces an even and consistent density of carbon throughout the absorber di-
mension. It also improves the absorption performance of the absorbers. In general, hy-
brid absorbers FS–400 offer good performance from 30 MHz to 18 GHz with a maxi-
mum power handling of 200 V/m. FS–400 is fire retardant and meets all the tests de-
fined by different flammability testing standards [34] [38].  
3.5. Shielding effectiveness of the chamber 
The capability of a shield to suppress unwanted electric/magnetic fields or plane waves 
is called shielding effectiveness (SE) of the shield. In measurement perspective shield-
ing effectiveness is the ratio of the signal strength received without shield to the signal 
received with shield [39]. SE is also considered to be a barrier to radiated EM fields and 
it describes the effectiveness of metallic enclosures [40]. Common materials deployed 
to make shields are stainless steel, copper, silver, aluminum and nickel. The main objec-
tive of SE measurements is to determine insertion loss of a shield and usually the result 
is given in decibels. In case of electric fields the formula is given in (3.1) 
 
             SE ? 20 log???
??
? =  E? ? E?                                 (3.1)  
 
where  ??  is the reference electric field and ??  is the electric field measured with load 
(shield). SE can also be calculated by power measurements as shown in (3.2) 
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            SE ? 10 log???
??
? dB                                                 (3.2) 
 
where ?? is the reference power and ?? represents the power measured with load 
(shield) [41]. 
     The procedures for SE measurements have been described in IEEE 299 [42]. At first 
test  antennas should be separated from each other by a measured distance and a refer-
ence measurement is performed. To conduct this reference measurement one antenna is 
made transmitter that transmits a specific level at a certain frequency and other antenna 
is used as receiver that measures the strength of the received signal. Similar measure-
ment is done with one antenna inside the chamber at the same distance. The difference 
of both signal strengths in decibels is known as SE and this procedure is repeated for the 
entire operating frequency range of the chamber [42].  
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4. DEVELOPMENT OF RADIATED EMISSION 
TEST SETUP 
Radiated  emissions  emanating  from  a  device  may  have  any  polarization.  Usually  RE  
measurements are performed with horizontal and vertical polarizations of test antennas. 
These emissions can be measured in the near or far field, but normally measured in far 
field. In general, the levels of radiated disturbances are quite low and therefore meas-
ured in dBµV/m. The limits for radiated emissions given in CISPR standards are also in 
dBµV/m. If the radiated emissions cross the limits defined by applicable testing stand-
ards, the equipment is declared as fail and is not suitable to operate in an environment 
where other electronic devices are also being used. Otherwise it will interfere with nearby 
equipments. 
     The reference test site to conduct radiated emission testing recommended by CISPR 
standards is open area test site (OATS). However, there are several disadvantages of 
performing RE measurements in OATS. For instance, OATS needs a very large RF 
transparent and waterproof enclosure. In addition, climatic variations and ambient sig-
nals in the air also create problems during testing. The alternate solution of these prob-
lems is to perform testing in a shielded enclosure. These enclosures have magnetic and 
dielectric absorbers lined on the walls, ceilings and floors that eliminate the weather and 
ambient problems [43]. 
4.1. Agilent VEE software 
Agilent VEE is a graphical programming language that is optimized for test and meas-
urement applications – especially programs with user interfaces. Agilent VEE gives the 
operators an opportunity to control test equipment through general purpose interface 
bus (GPIB) and serial interface [44]. It is commonly used to develop programs for a 
variety of automatic test and measurement applications. A lot of built in custom made 
objects for different measurement instruments are available in the library of VEE. These 
objects offer a platform to write GPIB commands to control the test equipment automat-
ically so that specific tasks could be accomplished. Due to unavailability of professional 
testing  software  in  EMC  lab  of  TUT,  Agilent  VEE  software  was  selected  to  develop  
programs  for  RE  and  RI  tests.  Agilent  VEE  was  chosen  to  develop  above  mentioned  
programs because a lot of work had already been done in it. Earlier work [7] includes 
the  development  of  antenna  radiation  pattern  characterization  and  some  programs  for  
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radiated emission measurements. Moreover, VEE is user friendly, easy to understand, 
has many useful features and is readily available in TUT’s EMC lab. Employing some 
other object oriented software, like Lab-view, would have required additional work and 
was therefore discarded.  
4.2. Spectrum analyzer  
A spectrum analyzer is a test instrument that is commonly used for emission measure-
ments. The adjustable parameters of a spectrum analyzer are start/stop frequency, 
RBW, video bandwidth (VBW), sweep time and detector(s). Mostly spectrum analyzers 
lock RBW, VBW and sweep time together to avoid violations of critical timing re-
quirements [45]. 
     Spectrum analyzers facilitate some useful features such as versatility, familiarity and 
fast measurements; therefore they are commonly utilized for emission measurements. 
Although modern spectrum analyzers meet most of the CISPR requirements, however 
spectrum analyzers also have some limitations due to which test engineers make use of 
EMI test  receivers.  A common problem with  spectrum analyzers  is  that  the  measure-
ments cannot be completed in one frequency span. The reason is the limitation of max-
imum measurement points that spectrum analyzers can handle for a specific span [45].  
     This problem is solved by sub-ranging the span. There is a rule of thumb for calcu-
lating the size of the frequency span. For example HP 8593A facilitates 401 measure-
ment points for a specific measurement span. The size of maximum sub-range can be 
calculated as follows:                                     12??? ? max ????????? 
                   Maximum sub-range = Step size * number of points      (4.1) 
         120 kHz/2 ?  60 KHz,   
         60 kHz * 401 = 24 MHz 
     The numerical value (120 kHz) is particularly mentioned in CISPR 22 for a meas-
urement receiver to conduct RE test from 30 MHz to 1 GHz; therefore it has been uti-
lized in (4.1). Splitting the frequency range into sub-ranges has been done to obtain the 
optimum frequency span. In addition, there are certain other issues related to spectrum 
analyzers especially with old spectrum analyzers that limit their usability. For example 
some old spectrum analyzers do not have quasi peak and average detectors. Many old 
models do not provide RBW required by CISPR standards. Other limitations of spec-
trum analyzers could be, setting of dwell time for CISPR detectors, availability of pre-
selectors and overloading [45].   
     The spectrum analyzer HP 8593A available in TUT’s EMC lab was utilized to de-
velop RE testing program in Agilent VEE because it fulfilled most of the required fea-
tures of CISPR standards. The frequency range of that spectrum analyzer was 9 kHz – 
22 GHz with a maximum input level of +30 dBm [46]. The availability of GPIB card 
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installed in it provided the user a facility to interact through GPIB interface. The neces-
sary GPIB commands were available in the operating manual of the instrument.  
4.3. Agilent VEE program with spectrum analyzer 
The flow chart of figure 4.1 shows the operation of RE test program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 flow chart of RE test 
4.3.1. Working of the program 
The working principle of RE test program is very simple. As depicted in figure 4.1 
when the start button is pressed, the program asks the user to enter four turntable posi-
tions at which the emission data is needed to be captured. Then measurement receiver 
executes a scan from 30 MHz to 1 GHz at all the given positions of turntable. When the 
scan is complete, the program displays a message to change the polarization of antenna 
and in the meanwhile turntable returns to zero degree position. After that correction 
factors and limit line are incorporated with the measured data and the result is displayed 
on the graph. As the data is displayed on the graph, the program generates an image of 
the graph at a specified location. 
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4.3.2. Prominent features of the program 
The program developed in VEE for radiated emission test with spectrum analyzer ex-
hibits most of the features mentioned in CISPR standards. The settings of the spectrum 
analyzer outlined in CISPR standards for RE test have been successfully implemented 
in the program. The movement of turntable is controlled with the help of device con-
troller EMCO 2090 through GPIB interface to capture emissions of EUT from four di-
rections.  
     The program facilitates the operator to save emission data both in numerical as well 
as in graphical form. The provision of displaying the applicable limit line on the graph 
is also available. A very important and interesting characteristic of this program is that a 
bitmap image of the graph is generated and saved at a specified location automatically. 
The generation of image is helpful for comparison purposes especially when the meas-
urements need to be repeated and analyzed for a specific EUT. 
     Another property of this program is its flexibility because it provides the operator a 
choice to enter the positions for turntable movement. The operator is asked to enter four 
turntable positions at the start of the test. The display of ambient noise of the chamber 
with EUT inoperative is also facilitated in the same graph so that a comparison between 
reference noise and actual emission spectrum of EUT can be done. To make the meas-
urements easy the frequency range of 30 MHz – 1 GHz has been splitted into smaller 
sub-ranges so that amplitude inaccuracies can be minimized.    
4.4. EMI test receiver ESPC 
An EMI test receiver is a test instrument for emission measurements with reference to 
CISPR standards. It consists of most of the needed features to perform emission testing 
in contrast with a general purpose spectrum analyzer. In case of test receivers the user 
can set start/stop frequency, RBW, detector(s), dwell time and step size. Furthermore, 
preselectors and automatic attenuators are available in test receivers to run tests without 
operator intervention [45].  
     In  comparison  with  spectrum analyzer,  a  test  receiver  provides  many tens  of  thou-
sands of measurement points to avoid the necessity of sub-ranging the span. Moreover, 
much improved accuracy level can be achieved by making measurements with test re-
ceivers. The common problem with a test receiver is that it is slower than a spectrum 
analyzer so measurements take longer time [45]. 
     The  RE  testing  program  has  also  been  implemented  with  EMI  test  receiver  ESPC  
available in EMC lab of TUT. The frequency range of this instrument is 9 KHz – 2.5 
GHz and it meets all the requirements of commercial EMI testing standards such as 
CISPR, EN, ETS, FCC and ANSI C63.4. Integrated preselector, automatic overload 
detection and power sourcing from internal battery are tremendous features of ESPC. 
Automatic setting of attenuation, selection of required RBW, detectors and measure-
ment time are key features of this device [47]. 
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ESPC provides two operating modes, low noise (for low noise measurements) and 
low distortion (for low distortion measurements). In low distortion mode the Intermedi-
ate Frequency (IF) gain of the receiver is set in such a way that the noise indication is 
always below the zero scale deflection. As a result IF gain becomes the function of se-
lected detector and IF bandwidth. In case of low noise mode the IF gain is 10 dB lower 
than low distortion mode. That is why signal to noise ratio (SNR) within permissible 
meter range is 10 dB higher than the low distortion mode. The low distortion mode is 
useful for measurements where low level signals are present in the vicinity of strong 
interference signals. Due to this feature EMI measurements are performed in this mode 
of ESPC [47].     
The accuracy of EMI test receiver is excellent since its typical error is 1 dB in the 
amplitude levels of emission data. The operator has an opportunity to enter and call 
transducer factors, enter limit lines specified by different testing standards, generate a 
test report, print/plot the test results on a printer/plotter. To control ESPC remotely a 
GPIB interface with all the necessary commands have also been described in the operat-
ing manual [47].          
4.5. Agilent VEE program with EMI test receiver 
In  general  Agilent  VEE program for  RE test  developed  for  EMI test  receiver  is  quite  
similar to that one developed for spectrum analyzer. Despite of some additional objects, 
minor changes in user objects and functions; the operation of the program as a whole is 
exactly the same. The scanning feature of the test receiver has been utilized to develop 
RE test program that facilitates maximum 200 points for a specific frequency span. The 
frequency range of 30 MHz – 1 GHz is splitted into sub-ranges because of the imple-
mentation of RE test with scanning feature of test receiver. The scanning feature and 
sub-ranging has made test completion time quite long because scanning itself is a very 
slow process.      
     ESPC sends  data  at  its  output  buffers  in  many formats  like  scalar,  Real64  array  or  
binary block. The format used to fetch data from this instrument in RE program is Re-
al64 array. In this format ESPC returns frequency and amplitude values with a zero at 
the start of each data set. The data acquired from test receiver is in the form of a set of 
points (zero, frequency, amplitude…zero, frequency, amplitude) that are stored in an 
array as shown below: 
0, 30 MHz, 30.4… 0, 30.5 MHz, 29.3  
 
     The data received looks like data junks with each junk starting from zero. In order to 
store 200 data points in numerical form, an array of 604 size is required to be defined. 
This is the main problem with this instrument when its scanning feature is utilized for 
RE measurements. The scanning in test receivers is an alternate of sweep in spectrum 
analyzers. Unfortunately GPIB commands in ESPC’s operating manual are available 
either for single point measurements or for scanning feature. Due to excess number of 
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points data saved in numerical form gets very long. To segregate frequency and levels a 
MATLAB object is employed in this program so that data can be displayed on the 
graph. The MATLAB object intended to pick up frequency data from this array reads 
every second element of the array and sends the values to a graphical display. Similarly 
MATLAB object defined to collect level’s data reads every third element of the ar-
ray.The test results shown in figures 4.4 and 4.6 express radiated emission graphs ac-
quired with ESPC.  
4.6. Test equipment utilized for sample testing 
The equipment list used for radiated emission testing of sample EUT is given below: 
 
a. Spectrum analyzer (HP 8593A) and EMI test receiver (ESPC) 
b. Preamplifier (Sonoma instrument 310) 
c. Antennas (Bilog CBL 6111C, from 30 MHz to 1 GHz) 
d. Turntable EuroPro 2088 
e. Antenna mast (Utilized for a fixed position of antenna) 
f. Device controller (EMCO 2090) 
g. RF cables 
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4.7. Test setup and procedure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Figure 4.2 Radiated emission test setup [5] 
A schematic diagram of test setup of RE test has been illustrated in figure 4.2. Ideal-
ly the antenna should be mounted on an antenna mast so that it can be moved to capture 
the emission spectrum of EUT at different elevations. CISPR 22 recommends that radi-
ated emissions should be captured at various heights of antenna (from 100 cm to 400 
cm). As the antenna mast lying in EMC lab’s anechoic chamber does not provide auto-
matic antenna height adjustment, radiated emission measurements are exercised only at 
a fixed height of the antenna. In test setup depicted in figure 4.2 a computer with all the 
accessories (CPU, monitor, keyboard and mouse) is used as EUT.  
It is also important to mention here that the biconical antenna shown in figure 4.2 is 
replaced by a bilog antenna because it covers the entire frequency range of RE test 30 
MHz-1 GHz alone. Therefore, there is no need to change the antennas to complete the 
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test. All the auxiliary equipment and external (additional) power supplies needed to 
operate the EUT should be kept outside of the anechoic chamber during RE test. 
     Radiated emissions are measured according to the procedures summarized in CISPR 
22. Test procedure with reference to test setup shown in Figure 4.2 is described below. 
The measurements are assumed to be performed in an anechoic chamber at a distance of 
3 meters whereas measurement results for both polarizations of bilog antenna as well as 
pictures of test setups are shown in section 4.8. 
 
a) CISPR 22 recommends an ambient measurement with the EUT inoperative be-
fore performing actual RE test. This ambient noise should be at least 6 dB below 
the applicable test limit. The EUT to be tested as table top equipment should be 
placed on a wooden table, 0.8 meter above the ground plane. The wooden table 
is in turn placed on a turn-table to measure radiated emissions at different angu-
lar positions. [4]. 
 
b) Generally radiated emissions are measured from all (four) sides of the EUT. The 
turntable is controlled by device controller EMCO 2090 with the help of fiber 
optic interface. Rotation is important so that the direction of maximum radiation 
can be determined for each frequency [4]. The turn-table is rotated from 0 to 
270 degrees clockwise with a step size of 90 degrees to measure the emissions 
from all (four) sides. As mentioned in section 4.2, the user can set any angular 
position for the turntable, therefore above mentioned positions are not fixed.  
   
c) Ideally the height of the antenna is varied from 120 cm to 360 cm with a step 
size of 120 cm to measure radiated emissions at different heights in the elevation 
plane. The purpose of varying the height is to determine the maximum radiation 
height of the EUT for each emission frequency [4]. Usually an antenna mast is 
used to accomplish this task. Due to unavailability of antenna movement mech-
anism it is not possible to vary the height of antenna during emission measure-
ments of sample EUT. Therefore, emission data is captured at a fixed height of 
115.5 cm. The height less than 120 cm was used in the tests due to availability 
of a suitable stand at the lab. 
 
d) Measurements are performed with bilog antenna in both vertical and horizontal 
polarizations using peak detector with spectrum analyzer in “MAX HOLD” 
mode [4]. In this mode spectrum analyzer holds the maximum captured level at 
a specific height of tower and angular position of turntable. For example spec-
trum analyzer detects a peak of 25 dBµV/m at 50 MHz at 0 degree position of 
turntable. Then turntable moves to 90 degrees and if spectrum analyzer finds a 
signal level of 27 dBµV/m at the same frequency but at this new position, it will 
hold this level and discard the previous one.    
 
e) Cables are arranged to produce maximum emissions. About 1m of interconnect-
37 
 
ing cables should be exposed to antenna during RE testing [4].  
 
f)   In practice the emission spectra captured with peak detector is compared with 
the applicable limit. If the emission levels are below the limit line then no need 
to perform quasi peak measurements. Only peak values will be reported graph-
ically. If emissions at one or more frequencies touch or cross the limit line then 
quasi peak measurements should be performed. After quasi peak measurements 
if the situation stays the same then the EUT is declared as fail [4]. 
4.8. Test conditions 
Certain measurement conditions described in CISPR 22 have been summarized below:  
 
a) A  test  site  should  permit  disturbances  from  the  EUT  to  be  distinguished  from  
ambient noise. The suitability of the test site is determined by measuring ambi-
ent noise with the EUT inoperative.  Ambient noise should be at  least  6 dB be-
low the test limit applicable to a specific EUT [4].  
 
b) If at a certain frequency band the ambient noise is not 6 dB below the applicable 
limit then the compliance of EUT will be tested by calculating a new limit with 
a close distance measurement. The formula to calculate new limit line at a short-
er distance is given in (2.1) and calculation method has been described in section 
2.4. 
 
c) If the emission spectra of EUT combined with ambient noise do not exceed the 
limit then the ambient noise is not required to be 6 dB below the applicable limit 
[4].  
 
d) The EUT will be tested as table top equipment or floor standing equipment; it is 
decided in mutual discussion of the client and testing agency based on actual use 
of the EUT [4]. 
 
e) The type and length of the interconnecting cables should match with the indi-
vidual equipment requirements. If the length can be varied then it must be cho-
sen to produce maximum disturbances. 
 
f) Extra length of cables should be bundled with 30 cm to 40 cm in length [4]. 
4.9. Test results 
Radiated Emission testing has been performed on a sample EUT and test results in 
graphical form have been given on following pages. The distance between EUT and 
antenna is 3 m and measurements are conducted with both polarizations of the antenna. 
The correction factor is a single value at each frequency point and has been calculated 
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as follows: 
 
Correction Factors for Radiated Emission Testing. 
 
Corr_Factor = [Antenna Factor +Cable loss] – Gain of Pre-amplifier 
 
Numerical data: The format of the data saved in numerical form is a one dimensional 
array of Real 64. After the completion of a measurement, the program asks the operator 
to select the file name in which the numerical data can be saved. Alternative method to 
save this data automatically is to place a text constant object in the program in which 
the complete path of the file is written. The ambient data; that is actually amplitude lev-
els, is saved in numerical form in a file after ambient measurements. When a measure-
ment is  completed this data is  automatically displayed on the graph with the help of a 
text constant object that consists of path of that file. Similarly correction factor and lim-
it line data saved in corresponding files are incorporated automatically when RE test is 
completed.  
Graphical data: The test results presented in following figures are plotted after incor-
porating the correction factors data in measured emission data. A reference measure-
ment is performed to display ambient noise of the chamber on the graphs prior to actual 
radiated emission measurements. The emission spectrum in magenta color belongs to 
ambient  noise  whereas  the  emission  spectrum in  yellow color  is  the  radiation  data  of  
EUT. The EUT is a computer (see figure 4.9) and it has been tested with two instru-
ments  as  measurement  receivers.  First  the  emission  spectrum  of  the  EUT  is  captured  
with spectrum analyzer in both polarizations of bilog antenna. Then the same process is 
repeated with EMI test receiver.  
     The results with both measurement receivers have been shown in separate graphs. 
Figures 4.3 and 4.5 show the radiated emissions captured with spectrum analyzer 
whereas figure 4.4 and 4.6 represent radiated emissions taken with EMI test receiver. 
Figures 4.7 and 4.8 show bilog antenna utilized for RE measurements in horizontal and 
vertical polarizations respectively. Figure 4.9 denotes the sample EUT on which RE test 
has been performed. Measurement instruments (Spectrum analyzer and EMI test re-
ceiver) employed for sample RE test are given in figures 4.10 and 4.11 respectively.  A 
limit line of class B ITE given in CISPR 22 is also added to these graphs for analysis 
and comparison purposes.  
     The interesting thing with these test results is that radiated disturbances generated by 
this specific EUT are crossing the limit line at certain frequencies. However, the objec-
tive of these measurements is to give the reader an idea of performing an RE test rather 
than investigating the reason of emissions going beyond the limit. Another thing to be 
noted is the difference between amplitude variations of noise floor of both measurement 
receivers. Spectrum analyzer’s noise floor presents higher variations in the amplitude of 
noise floor than test receiver’s noise floor.  
     The reason is the difference between reference level settings of both instruments. 
Spectrum analyzer’s reference level can be remotely adjusted because GPIB commands 
are available in its operating manual for this purpose. However, test receiver’s operating 
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manual does not provide any GPIB command to change the reference level. Therefore, 
ESPC uses factory set (default) settings of reference level due to which amplitude varia-
tions in noise floor are different than spectrum analyzer. The soft setting of reference 
level according to requirements is the advantage of HP 8593A over ESPC. 
 
 
  
  Figure 4.3 Radiated emissions in horizontal polarization – Spectrum analyzer     
          
      
        
     Figure 4.4 Radiated emissions in horizontal polarization – EMI test receiver 
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       Figure 4.5 Radiated emissions in vertical polarization – Spectrum Analyzer 
 
 
 
         Figure 4.6 Radiated emissions in vertical polarization – EMI test receiver 
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           Figure 4.7 Test antenna (bilog CBL 6111C) in horizontal polarization 
 
 
 
 
              Figure 4.8 Test antenna (bilog CBL 6111C) in vertical polarization 
 
 
 
 
 
 
 
 
 
42 
 
 
 
            Figure 4.9 Equipment under test (computer) for radiated emission test 
 
 
 
        Figure 4.10 Spectrum analyzer as measurement receiver and preamplifier  
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         Figure 4.11 EMI test receiver as measurement receiver and preamplifier  
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5. DEVELOPMENT OF RADIATED IMMUNITY 
TEST SETUP 
The development of radiated immunity test consists of test equipment required to con-
duct the test, test setup, procedure and test sites where this test is actually performed. 
The arrangement of EUT, reference conditions which refer to climatic and electromag-
netic conditions and test sites where the test is recommended to be executed all are giv-
en in related test standards for certain EUTs. For instance, in case of ITE the arrange-
ment of EUTs, laboratory reference conditions, test equipment, setup and procedure are 
described in detail in IEC 61000-4-3. 
     The reference test site for RI test is OATS but it is difficult to achieve required refer-
ence conditions in OATS due to noise generated by mobile and other wireless commu-
nications. That is why RI test is usually performed in semi-anechoic and reverberation 
chambers. Mostly semi-anechoic chambers are used to execute RI tests because these 
chambers provide controlled climatic and electromagnetic conditions [6]. The required 
test equipment has already been explained in section 2.6. Therefore, test setup, proce-
dure and test programs developed to conduct RI test will be discussed in chapter 5.  
     RI  test  is  conducted  in  two phases.  In  first  phase  calibration  of  the  electric  field  is  
performed and in second phase actual test is run. Therefore, two independent test pro-
grams have been developed for this particular test.   
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5.1. Test setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1 demonstrates the general test setup for RI test. During calibration EUT is 
picked out from the chamber whereas in actual test run field probe is not placed along 
with the EUT. However, in certain conditions both exist together especially when field 
monitoring is also required during the execution of test. Generally, the field generating 
antenna is mounted on a tripod stand at 3 meters distance whereas the EUT is placed on 
a wooden table that is 0.8 meters high above the ground plane. The sides of EUT are 
changed with the help of a turntable and device controller to apply electric field from 
various azimuths. If the EUT is put on a turntable then changing its orientations can be 
accomplished automatically. This is to apply electric field to all sides of EUT as men-
tioned in IEC 61000-4-3. The signal generator, power amplifier and field monitoring 
system lie in control room as shown in figure 5.1. A field monitor can be an independ-
ent unit or an integral part of a computer as software. 
5.2. Test procedure of RI test 
Test procedure of RI test is divided into two parts. In first part the calibration of electric 
field is performed over the entire frequency range of the test and in second part the ac-
tual test is run. Calibration is carried out in continuous wave (CW) mode whereas 80 % 
amplitude modulated (AM) wave having 1 kHz frequency is added to the carrier when 
Power 
amplifier 
Field probe 
PC 
Field monitor 
Biconical antenna 
0.8 m
 
Signal generator Control room 
Anechoic chamber 
 
Fiber optic 
 
Figure 5.1 General test setup of radiated immunity test [5] 
 
 
 
 
 
3 meters 
EUT 
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actual test is run. During calibration process signal generator levels required to achieve 
the desired electric field strengths over the whole frequency range are saved in a file. 
Usually the calibration is performed at a test level of 1.8 times the desired field strength. 
The purpose of running the calibration at 1.8 times the original test level is to verify that 
the power amplifier is capable of reaching the required field when 1 kHz sine wave of 
80 % AM will be added to the carrier [23].  
5.2.1.     Calibration of the field 
The calibration process has been briefly described in immunity test standard IEC 
61000-4-3. The main objective of the field calibration is to make sure the validity of test 
results and uniformity of field over the test sample. The concept of uniform field area 
(UFA) is utilized in IEC 61000-4-3 for field calibration that is a hypothetical vertical 
plane of field with acceptable field variations [21]. This field calibration is considered 
to be valid for all EUTs whose faces could be fully covered by UFA. The calibration is 
carried out without EUT and is valid as long as the test setup remains the same. There-
fore, placement of field generating antennas, additional absorbers on the floor, location 
of field probe, cables and test distance needs to be carefully documented. The reason is 
that even small displacements may result large variations in field strength [21].  
     For the calibration of the field, isotropic electric field probe is placed on a wooden 
table 0.8 m high above the ground plane as shown in figure 5.1. The field generating 
antenna is positioned 3 m away from the probe so that antenna’s beam could cover the 
UFA. The size of the UFA ranges from 0.5 m * 0.5 m to 1.5 m * 1.5 m but normally 1.5 
m * 1.5 m size is used for 16 point calibration so that interfacing cables of EUT could 
also be illuminated. However, if the size of the EUT is small then smaller UFA can also 
be implemented [21]. 
     Additional absorbers are recommended to be put on the floor in order to avoid re-
flections from ground plane. The UFA is subdivided into smaller grids that have a spac-
ing of 0.5 m from each other. The field is said to be uniform at each frequency if its 
magnitude at the grid points is within dB????  of reference field value for at least 75 % of 
grid points (12 out of 16). This 6 dB tolerance is considered to be acceptable up to 1 
GHz in practical test facilities. The method of calibration is described below [21]. 
 
a. First  of all  position the electric field probe at  one of 16 grid points and set  the 
signal generator’s frequency to 80 MHz. 
b. Next adjust the forward power applied to field generating antenna so that the 
field strength read by field sensor reaches to the required strength ?? , where ??  
is the power of carrier. Record the forward power of the signal generator. 
c. After that increase the frequency by a maximum of 1 % of previous frequency 
and repeat step b. 
d. Repeat steps b and c until the upper frequency limit (1 GHz) of the test is 
reached. 
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e. Then steps from b to c are repeated for all the remaining grid points and the lev-
els  of  signal  generator  are  documented.  At  each  frequency  sort  the  16  forward  
power levels into ascending order. 
f. Select the highest value and check if at least the 11 values below it are within 
the specified tolerance (-6 dB to +0 dB). 
g. In case 11 readings are not within this tolerance then go back, pick the next low-
er value and repeat step f. 
h. The procedure is stopped if at least 12 readings are found within this tolerance 
and the levels of forward power are saved. 
i. This entire procedure is exercised at both horizontal and vertical polarizations of 
antennas [21]. 
Figure 5.2 illustrates 16 point calibration method with UFA dimensions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Figure 5.2 Illustration of the uniform field area (UFA) 
5.2.2.     Execution of the test  
The test is performed by applying the signal generator levels saved during calibration 
but with amplitude modulated wave of 1 kHz with 80 % modulation depth. The dwell 
time of the carrier of AM signal should not be less than the response time of EUT, how-
ever in any case dwell time should be at least 0.5s. The field generating antennas should 
face each side (four azimuths) of the EUT during the execution of RI test.  The test  is  
0.5m 
0.8m 
0.5m 
1.5m 
1.5m 
Sensor positions 
Uniform field area 
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applied for both polarizations of the antennas and the performance of EUT is carefully 
monitored. Any functional degradation needs to be documented in test report [21]. 
5.3. Agilent VEE programs for radiated immunity test 
The automatic execution of RI test is accomplished by two independent Agilent pro-
grams. The programs for calibration process and to run actual test both include all the 
features and specifications documented in IEC 61000-4-3. The detailed description is 
presented in following sections. 
5.3.1.   VEE program for radiated immunity calibration 
Working principle and prominent features of calibration program developed for RI test 
are given below:  
Operation of the calibration program: Figure 5.3 denotes the flow chart to under-
stand the working principle of the RI calibration program. The working of the program 
is very simple. Start and stop frequencies of the test, maximum and minimum power 
levels of signal generator, acceptable tolerance to achieve the required electric field and 
step size of frequency increment, all have been implemented in the panel view. The 
operator can change these parameters depending upon the requirements. The program 
sends a command to the signal generator SMR 20 to transmit the minimum level set in 
panel view at the start frequency (80 MHz) of the test. Signal generator feeds that level 
to the power amplifier and power amplifier applies it to a field generating antenna. As a 
result the signal is radiated into the air as electromagnetic field.  
     This electromagnetic field is sensed by field probe that converts it into optical signal 
and sends to the modem. The modem converts that signal back to electrical form and 
forwards it on the Universal Serial Bus (USB) port of the computer. After a little pro-
cessing the signal is displayed in Agilent VEE in numerical form that is actually electric 
field  with  a  unit  of  V/m.  The  program compares  this  electric  field  value  with  a  refer-
ence. If the value is less than reference then program increases signal generator’s level 
by a defined step size and the comparison process is done again. The program continues 
to compare the electric field value with the reference and keeps on increasing the signal 
generator’s level until the electric field read by field probe reaches the reference field 
value.  
     The present settings of required parameters available in RI program’s panel view 
cannot be considered as default settings. These settings have been used to check the 
operation of the program. It can be assumed as a demonstration of RI test because due 
to the absence of power amplifier, real RI testing is not possible since required electric 
field cannot be generated. Therefore, all the parameter settings described on following 
pages are just examples; however operator can change these settings later on according 
to requirements.  
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 Figure 5.3 Flow chart of program for RI calibration 
 
As acquiring the electric field value exactly equal to reference is not possible so normal-
ly a tolerance is set to obtain the electric field values closer to reference. In this case 
±0.5 dB is set as tolerance but it can be changed in panel view. If for example, the cali-
bration for a reference field of 3 V/m is being performed, the program will save electric 
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field values between 2.5 V/m and 3.5 V/m with ±0.5 dB tolerance. When the required 
electric field value is attained the program saves the corresponding signal generator’s 
level and increases the frequency of the signal generator by a specified step. Presently 
defined step size for the frequency is 1 % of the previous frequency but the operator can 
change it from the panel view. The whole data of calibration including signal generator 
levels, frequency points and electric field values are saved in associated data files and 
displayed on graphs for analysis purposes. 
5.3.2.   C++ code to access DLL file 
To read the electric field values from the probe, via the USB, the DLL provided by the 
probe manufacturer is used. However, it could not be invoked directly from VEE pro-
gram (because of reference parameters which are not fully supported in VEE). In order 
to circumvent this problem, a custom DLL file is created in C++, which exposed simple 
functions to connect to the probe, obtain electric field values, fetch battery level infor-
mation of the probe, and disconnect from the probe. The functions exposed by the cus-
tom DLL, provide desired information through return values and these are invoked from 
VEE program. This custom DLL in turn calls the functionality provided by original 
probe DLL (ets_probe.dll) to complete the actual task.   
5.3.3.   VEE program to run radiated immunity test 
This small program developed separately is intended to apply the calibrated levels on 
the EUT. The necessary requirements mentioned in IEC 61000-4-3 have been imple-
mented in the program successfully.  
 
 
 
 
 
 
 
 
 
 
 
 
 
         Figure 5.4 flow chart of program for RI test run 
 
     Figure 5.4 demonstrates the flow diagram of the program to run RI test. The working 
principle of this program can be understood with the help of figure 5.4. The files con-
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taining signal generator levels and their corresponding frequency points are loaded into 
the program and executed after implementing amplitude modulation with 1 kHz sine 
wave having 80 % modulation index. In order to execute the actual RI test the operator 
must enter the total number of frequency points/levels equal to the upper limit of the 
“for range” object. In case these points do not match, the test cannot be run.  
     The dwell time should be set very carefully so that the response of the EUT could be 
monitored properly. Dwell time at each frequency point should match with the response 
time of the EUT. To load the signal generator levels and frequency points into the pro-
gram, two methods can be adopted. One option is to select it manually from the com-
puter where it is saved during calibration. The other choice is to enter the complete path 
of the file in text constant object. The latter choice is more convenient because it loads 
the data automatically into the program. That is why it has been implemented to facili-
tate the operator. 
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6. SUMMARY AND CONCLUSION 
A deep study, analysis and recommendations have been suggested by this thesis work 
regarding  the  anechoic  chamber  and  test  equipment  for  RE  and  RI  tests.  In  addition,  
testing programs to execute these tests meet most of the requirements mentioned in 
CISPR and IEC 61000-4-3 standards. However, some suggestions have been provided 
in conclusion to improve the effectiveness of both programs. A summary of the thesis 
along with a brief conclusion is portrayed in following sections. 
6.1. Summary 
The work done in this thesis was divided and completed in smaller parts due to various 
tasks. Literature study and development of radiated emission program was accom-
plished in first phase. Then two commercial EMC laboratories were visited as a prepa-
ration to find suitable test equipment and develop the radiated immunity testing pro-
gram in  Agilent  VEE.  Those  visits  were  very  useful  to  find  and  select  the  best  suited  
test equipment for RI test. After that study of available anechoic chamber was complet-
ed that helped to know the feasibility of said chamber for RI test.  
     Based on the information gained through theoretical study and practical visits, the 
list of equipment that fulfilled the requirements of RI test was finalized. Antennas and 
signal generator to perform RI test were already available in EMC lab but electric field 
probe, electric field monitoring system and power amplifier were needed to be pur-
chased. The recommended power amplifier could not be procured due to lack of funds 
for this thesis.  
     Next step was to develop RI testing program in Agilent VEE and to accomplish this 
task a dynamic link library (DLL) file was obtained from the manufacturer of the probe 
so that electric field could be displayed in VEE.  
6.2. Conclusion 
A number of challenges have been faced to achieve the required goals. The programs 
developed for RE and RI testing are quite professional, precise and easy to operate. Es-
pecially testing program for RI test consists of all the required fields in the panel view 
that need operator intervention prior to perform calibration and run actual test. RI pro-
gram includes the features offered by professional EMI/EMC testing software available 
in market. An interesting and useful property of these programs is displaying the data in 
graphical form.  
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     The numerical data, after implementing the correction factors as well as the limit 
line, both are displayed on the graph without operator intervention. In RI testing pro-
gram two graphs have been implemented in the panel view.  This is to display the cali-
bration data as “electric field vs frequency” and “electric field vs. levels” for infor-
mation and analysis purposes. If the recommended power amplifier can be purchased an 
electric field of 10 V/m can be generated for immunity testing in TUT’s EMC lab. 
     Despite of many useful features there are also some problems associated with these 
programs. For example the numerical data acquired for RE test contains 2005 points 
(due to sub-ranging) that is too long to handle for analysis purposes. The frequency 
range of RE test (30 MHz-1 GHz) has been divided into five sub-ranges. The first sub-
range is from 30 - 200 MHz, the second sub-range is from 200 - 400 MHz, third sub-
range is from 400 - 600 MHz and so on. In each sub-range spectrum analyzer saves 401 
points and with five sub-ranges total number of data points become 2005 
(401*5=2005). Similarly EMI test receiver’s program has 1940 data points. In RI pro-
gram to run actual test, the soft control of dwell time of signal generator SMR 20 could 
not be implemented because corresponding GPIB commands are not available in 
equipment manual.     
     For further improvements a number of suggestions could be recommended for both 
programs. As an example in RE program total number of turntable positions is fixed at 
four. It can be made flexible so that if the radiations from a specific side of a EUT are 
required to be measured, the operator does not need to wait for the turntable to complete 
scan at all positions. Moreover, replacing the old test equipment, spectrum analyzer (HP 
8593A) and EMI test receiver (ESPC) with latest models would reduce some limitations 
of RE programs. The soft control of dwell time of the signal generator SMR 20 in Ag-
ilent VEE for RI program will be useful because it will provide the operator a facility to 
run the test in accordance with the response time of different EUTs.  
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Appendix A: Tentative schedule and work plan 
for thesis 
The completion plan of the thesis was divided into small phases and is given in appen-
dix A. Those phases were helpful to accomplish the assigned tasks and acquire desired 
results. Study of literature, testing standards CISPR 22, operating and programming 
manuals of spectrum analyzer (HP 8593A), EMI test receiver (ESPC), device controller 
(EMCO 2090), turntable (EuroPro 2088), bilog antenna (CBL 6111C), signal generator 
(SMR 20), learning the Agilent VEE software and the development of radiated emission 
testing program was done in first phase. Second phase consisted of visits of professional 
EMC labs (in Rauma and Espoo) to collect information about anechoic chambers, test 
equipment, testing software and procedures being used in those labs. The study of radi-
ated immunity (RI) test standard IEC 61000-4-3, specifications of test equipment re-
quired for RI test, searching the suitable test equipment, fetching quotations from dif-
ferent manufacturers, recommending the test equipment with best specifications and 
testing of  purchased equipment was completed in third phase. Next step was to study 
and analyze feasibility of the anechoic chamber of TUT’s EMC for RI test. In this phase 
(phase 4) specifications and properties of microwave chamber, RF absorbers and ferrite 
tiles installed inside the chamber were thoroughly studied. The last phase (phase 5) con-
tained the development of radiated immunity test program with all the required features 
specified in IEC 61000-4-3. The flow chart diagram in figure below depicts the stage 
wise completion of the thesis.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
              Figure A1 Thesis schedule and work plan  
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Appendix B: Description of Agilent VEE objects 
The function and role of Agilent VEE objects used in both (RE and RI) programs have 
been briefly summarized in appendix B. To help the reader understand a picture of each 
object has also been provided.  
Instrument control objects 
The instrument control objects used in RE and RI programs have been described briefly 
in this section. The same instrument control object has been utilized for RE test with 
spectrum analyzer and test receiver. However, GPIB commands for both instruments 
are different. These objects are present in VEE’s library are ready to be used in pro-
gram. They can be employed when the related test instruments are connected to the 
computer through GPIB interface and powered on. GPIB addresses for these instru-
ments are set at the beginning and they stay the same for future usage. GPIB commands 
to perform specific operations are written in transaction fields of these objects.   
HP 8593A (unknown@1418) 
This object is used to control the spectrum analyzer. The commands to set different pa-
rameters, for example frequency range, bandwidths, sweep time and amplitude units of 
the spectrum analyzer are written in transaction fields as shown in figure below. The 
same object is utilized to save the data acquired during measurements. The spectrum 
analyzer control object present in user object ”freqrange”, first clears the trace and then 
sets the frequency range defined in the command line. It also provides the amplitude 
values for the data to be displayed on X vs Y display and to be saved in a data file. In 
RE programs, first HP 8593A object is executed and after that turntable control object 
executes. 
 
 
 
 
60 
 
TT (em2090-tt@1409) 
It is used to control the movement of turntable. To set the movement limits and step 
size, the commands are written in transaction fields as shown in figure below. 
 
 
SMR 20 (rosmr20@1428) 
An object  that  writes  data  to  and  reads  data  from an  instrument  (in  this  case  a  signal  
generator) using transaction statements.  
 
User function (fullswp) 
Five user objects that have been used for 30 MHz – 1 GHz frequency span can cover 
only  one  turntable  position  (one  side  of  EUT)  so  they  have  been  combined  in  a  user  
function. This user function was named as fullswp and called four times to wrap left, 
right and back sides of the EUT.  First  user function scans from 30 MHz to 1 GHz in 
five frequency ranges as explained above and saves the emissions of EUT emitted from 
front side. Then the “TT EMCO 2090” object moves the turntable to next position. Se-
cond function scans EUT’s left side (90 deg.) and data is saved. In a similar way the 
remaining user functions perform the same task for the rest of EUT sides.   
     Agilent VEE program for RE test developed using spectrum analyzer HP 8593A 
contains one user function “fullswp”. There are five user objects inside this function 
that  further  consist  of  four  sub  objects.  These  sub-objects  cover  a  specific  frequency  
span for RE test along with necessary settings of spectrum analyzer’s parameters.  
User objects 
Three user objects have been defined at different locations in RE program with spec-
trum  analyzer.  One  user  object  is  inside  the  user  function  fullswp  and  two  are  at  the  
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input side of graphical display. The user object “corr_fact” contains three sub-objects 
and it is used to incorporate correction factors’ data into the emission data of EUT. This 
correction factors’ data is saved in an external file. Similarly second object “Limit_line” 
is used to incorporate limit line data on the graphical display. The third user object 
“freqrange” consists of “Allocate Array”, instrument control “HP 8593A”, “delay” and 
for “count” objects. It provides frequency points with the help of alloc array object and 
takes level values from spectrum analyzer control object so that both can be displayed 
on the graph.   
Allocate array 
“Alloc array” could be used to output the sub-ranges of frequency scans. The entire 
frequency range of 30 MHz – 1 GHz has been divided into smaller parts and each alloc 
array object has been used to define the sub-range for a particular frequency span. For 
example first alloc array object defines the sub-range of 30 MHz to 200 MHz. 
 
 
Delay 
It adds delay for the next object to be executed. The object to be delayed is connected at 
the data/sequence output terminal of the delay object. The number written within this 
object defines the number of seconds of delay, therefore 5 means five seconds delay.  
 
For count 
This object repeats a certain task depending on the number written in it. It activates its 
data output pin for a specified number of times. A number 5 means that the data output 
pin will be activated 5 times. 
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For range 
For range object activates its data output pin for a specified number of times. It has 
three pins, from, through and step. Start value of data is given in from field, stop/end 
value is written in through field and a step size is entered in step field. For example For 
Range object given below activates its data output pin from 1 to 6 with a step size of 1. 
As “Thru” terminal has been controlled externally from a constant real64 object in RI 
program to run actual test, therefore in figure below its value seems to be fixed. It takes 
the numerical value written in constant real64 object as input that means the upper limit 
is defined by constant real64 object in RI program. 
 
 
Display object (X Vs Y) 
This object is exploited to display the radiated emission data and plot the amplitude as a 
function of frequency. The facility to set markers to the peak amplitudes has also been 
provided in the properties of X vs Y display. “Xdata” is connected to the junction that 
consists of frequency values and it displays frequency data in x axis. The “Ydata1” is 
used to display amplitude values of corresponding frequency points. The “Clear” button 
on the X vs Y display is utilized to clear data on graphical display. Additional buttons 
“Ydata2” and “Ydata3” take advantage of displaying limit line and ambient noise data 
on the same graph.   
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Concatenator 
It concatenates (combines) the inputs at output. The data coming on all the inputs of this 
object is concatenated at output pin. Whatever is coming at inputs, concatenator logs it 
on output. Usually the output of concatenator is a one dimensional array. It is used to 
combine two or more data elements into the elements of one dimensional array. This 
object has been used in RE and RI programs to save and display the frequency and am-
plitude data.  
 
 
Junction 
This object connects its activated data input to the data output pin. Whenever an input is 
activated (receives data), it is directly sent to the data output pin. Junction outputs the 
value from the most recent data input (one of multiple inputs) that is activated. It is usu-
ally used in feedback loop systems for data initialization because it transmits data pas-
sively. It is like wired OR to connect the data output pins of two or more objects to one 
data input pin of another object. 
  
 
Formula 
It performs the mathematical operation on inputs and produces the result at data output 
pin. The operation of this object depends on the operators used in the formula object 
and expressions are written in transaction field of formula object. 
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Logging alphanumeric display 
This object is used to display a Scalar or one dimensional array (1D) of alphanumeric 
data. It logs the data input values and displays the result in alphanumeric form but does 
not overwrite the results. These values can be viewed and also saved in a data file. 
 
 
Alphanumeric display 
Alphanumeric display object is used to display alphanumeric data. It accepts any of the 
data types as a single value, an Array of 1D or 2D. 
 
 
Collector  
A collector is used to collect data available at its input pin. The data is sent to output pin 
when the sequence input pin is activated. The format of the data can be set as one di-
mensional or n+1 dimensional array but in RE programs one dimensional array format 
has been employed. It has one data input that receives the data and one sequence input 
that is activated when the data is required to be sent at the output/array terminal. The 
sequence input of the collector is connected at the sequence output terminal of the last 
“fullswp” user function. Therefore, collector’s data is sent at the output terminal after 
the execution of last “fullswp” user function. Unless the sequence input is activated, 
input data does not appear at output. The data output terminal “array” has been connect-
ed to data input terminal of the “To file” object that is utilized to save data into numeri-
cal form. 
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File name selection  
This object is a dialog box and provides the operator a facility to select the name of the 
file in which the data is required to be saved in numerical form. When RE and RI pro-
grams are completed, “file name selection” object asks the operator to enter the name of 
the file to save numerical data. It is just like a message box object that is used to select 
file name. 
 
 
To file 
“To file” object is utilized to save numerical data in a specified format. This object de-
fines the format of data and save it on a previously selected location in numerical form. 
 
 
Message box 
Message box object is used to display a message written in the transaction field. A lot of 
message boxes have been used in RE and RI programs to perform different tasks. For 
example one message box that is connected to the sequence output of the last “TT 
em2090-tt” object displays a message “Change the polarization of Antenna” at the end 
of  the  RE  program.  This  object  has  two  data  outputs.   One  is  ‘OK”  and  the  other  is  
‘Cancel”. A “break” object has been connected to the OK output terminal in RE pro-
gram which ends the program when OK button is pressed. The sequence output terminal 
of the message box is connected to the sequence input terminal of another user object 
called “corr_fact”. Following figure shows a message box object to enter the turntable 
positions for RE programs. 
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Break  
The break object is used to terminate the execution of the program. The object after 
which the program is required to be terminated is connected to the sequence input of 
break object. It only has a sequence input pin. 
 
 
Stop  
It is the object that stops the execution of a program. 
 
From file 
“From file” object incorporates the data from a file into program. The format of data 
and number of points should match with the data being called with from file object. 
From file object has been used in RE and RI programs to display frequency, level and 
electric field data on the graphs. In RE programs limit line and correction factor data 
have also been incorporated and displayed on graph by from file object.  
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If/then/else 
It is a conditional object that activates an output when the related input fulfills a condi-
tion specified in the transaction field. This object sends “1” at “then” output but “0” at 
“else” output. Therefore, to accomplish a specific task an object should be connected at 
proper output terminal of if/then/else object.  
 
 
Gate  
A gate object just transfers the data present at its data input terminal to the data output 
terminal when the sequence input terminal is activated. It is used in control loops. 
 
 
Real64 Input  
This object displays a pop up dialog box in which a real number is written as input. It 
has been used in RE programs to enter positions of the turntable.  
 
 
 
 
 
Constant 
A text constant is an object that gives a constant string or one dimensional array as 
output whereas a real64 is a constant that outputs 8-byte real number. Both objects have 
been used in RE and RI programs. 
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Until Break 
Until break object is used to repeat the execution of a subthread until a break is 
encountered and it has been used in RI program to repeat the execution of the program. 
It is normally employed to start a set of operations until a break occurs. 
 
 
Do 
A “Do” object creates a branch point to control the flow of execution of a thread. The 
object connected to the data ouput pin is activated before the object connected to the 
sequence output pin of this object. Therefore, it is used to define the order of an 
operation. 
 
 
MATLAB Script 
An object that calls the MATLAB script engine with operations specified by MATLAB 
script commands. It is utilized to pass the VEE data to the MATLAB script engine and 
to return from it. MATLAB commands for specific operations are written in its 
transaction field. 
 
 
Declare Variable 
An object that is utilized to declare programming variables is called Declare Variable. 
The variables can be declared to be used anywhere in the program as Global, Local to 
context and Local library. The variable declared as global can be used anywhere within 
the program. The type and shape of the data of a variable is set by declare variable 
object.  
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Set Variable 
It is employed to set the data value of a variable. In RI program it has been used to set 
the frequency and level values of the signal generator. The levels of signal generator are 
changed during calibration to achieve the required electric field strength over the whole 
frequency range of the test. 
  
 
Get Variable 
An object implemented to get the value of a variable that has already been set by “Set 
Variable” in the execution of the current program. The value of “Set Variable” is 
obtained with the help of Get Variable object. 
 
 
Import library 
Import library loads a library of Userfunctions, compiled function definitions or remote 
functions into the program. This object is used to import a library of functions into the 
program. It has been used in RI program to display the data of electric field probe into 
VEE. 
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Call 
An object that executes a previously defined function. A call object is used to call a 
function anywhere in the program. The function name is written in transaction field and 
this object calls it. For example in RI calibration program the object in following figure 
is used to call the function “MT_Read”. This function in turn calls the 
“ReadFieldSynchronous” function from the manufacturer’s library that reads electric 
field data of field probe. 
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Appendix C: Visits of professional EMC labs 
The purpose of visiting professional EMC labs, the usefulness and learning outcomes of 
those visits has been briefly explained in this appendix. 
Objectives of the visits 
The primary objective of those visits was to see how the radiated immunity test espe-
cially its calibration was being performed in professional EMC labs in Finland.  No 
doubt the test procedures for the calibration process and execution of RI test have been 
briefly described in IEC 61000-4-3 testing standard but the new thing for me was 16 
point calibration for electric field data. Earlier, I never performed 16 point calibration 
for RI test.    
     The second and very important goal of those visits was to know what kind of devices 
were being tested there, how high the electric field levels were being applied on differ-
ent EUTs and what was the upper frequency limit being currently employed for com-
mercial EUTs. Third aim of visiting those labs was to get information about power am-
plifiers and testing software being used by in those labs for RI test. The discussions 
about different power amplifiers utilized for RI test and their specifications were very 
helpful in searching the best power amplifier and selecting the most suitable one in 
terms of specifications and price.  
     In addition, seeing practically the anechoic chambers, microwave absorbers, electric 
field probes and field monitoring systems of those labs was interesting and useful expe-
rience. Sharing of ideas about RE and RI tests, different types of EUTs, test equipment 
and procedures had been very beneficial for further improvements in EMI/EMC testing. 
Visit of EMC lab of SGS 
The EMC lab of SGS Company was visited in August 2012. The lab manager Mr. Ari 
Honkala showed his company’s anechoic chamber as well as test equipment used in 
different EMC tests. There were two anechoic chambers in SGS to perform EMI/EMC 
testing having dimensions of 10 m and 3 m. The selection of a specific chamber for 
EMC testing depended upon EUTs but normally 10 m chamber was being employed to 
perform EMC tests. It was a complete lab with capability to execute commercial EMC 
testing but no military devices were being tested there. They had antennas and power 
amplifiers to conduct radiated immunity testing up to 3 GHz. Radiated emission testing 
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could be performed up to 18 GHz depending upon the operating frequency of the EUT. 
The commercial software EMC32 developed by Rohde and Schwarz was being used in 
SGS for EMI/EMC testing. 
     Due to confidential issues the demonstration of the calibration procedure for RI test 
could not be witnessed practically rather it was discussed theoretically in detail. Mr. Ari 
Honkala explained each and everything about the calibration procedure of RI test and 
also showed the test equipment and accessories used to execute the test. The discussion 
about test equipment, EUTs and testing procedures continued for one hour and later on 
had been helpful for developing the RI testing program. 
Visit of EMC lab of SAMK 
With the collaboration of Professor Teijo Nietola I visited EMC lab of SAMK in Au-
gust 2012. He showed me the test equipment used in different EMC tests as well as an-
echoic  chamber  in  use.  I  found  that  the  anechoic  chamber  over  there  was  almost  the  
same as the chamber TUT’s EMC lab. The discussion about test procedures, standards, 
equipment and testing software continued for about one hour and 30 minutes. The test-
ing software being employed for EMI/EMC testing in SAMK was locally developed. 
     Professor Teijo Nietola mentioned that the EMC lab of SAMK had been operational 
for the last about 10 years and had a capability to cover almost all EMC test standards. 
They had test equipment for almost all EMC tests. For example they can perform 
1. Radiated emission test, both for commercial and military equipment from 10 
kHz to 3 GHz. They have facilities to conduct commercial testing according to 
CISPR 24 and military testing according to MIL-STD 461E and F standards. 
2. They can perform radiated immunity test both for commercial and military 
equipment. They can test up to 3 GHz with an electric field level not more than 
20V/m. From 80 MHz to 1 GHz the power amplifier used to generate electric 
field is of Amplifier Research but from 1 to 3 GHz Frankonia’s power amplifier 
is being utilized. 
3. For conducted emission test, they have test equipment to conduct the test ac-
cording to the recommendations of CISPR 24. 
4. For conducted immunity test they have a continuous wave simulator of 
EMTEST Switzerland that has been particularly designed for conducted im-
munity test. CWS has a built in signal generator and power amplifier. The test 
can be performed either through bulk current injection method or through cou-
pling-decoupling networks (CDNs). EMTEST provides a complete package 
when it is purchased including CWS, CDN or current injection probe and soft-
ware to conduct this test automatically. 
 
Despite of above mentioned tests, they have test equipment required for following tests 
and these tests are being performed over there. 
1. Electrical fast transient 
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2. Electrostatic discharge (ESD)  
3. Surge immunity  
4. High voltage dips  
5. Damped oscillatory wave 
6. Thermal shock 
7. High temperature 
8. Low temperature (cold) 
     Unfortunately, here again I could not witness the calibration procedure of radiated 
immunity test because no testing was going on in the lab on that day. Professor Nietola 
just showed me equipment and accessories used to conduct the 16 point calibration and 
explained the procedure verbally.  
Comparison of both labs 
Both labs used power amplifiers of Amplifier Research (AR), manufactured by RFI, 
Australia for radiated immunity testing. Same antennas were being used in both labs 
and the method of data acquisition of electric field from electric field probe was also 
similar. The difference was just in testing software. SGS used commercial testing soft-
ware whereas SAMK used locally developed software. 
     The  interesting  thing  was  that  both  labs  also  had  one  power  amplifier  unit  of  
Frankonia (Germany). Both labs covered most of the commercial EMC test standards. 
They had test equipment and facilities to test commercial products. The upper frequen-
cy for radiated immunity testing as well as the test equipment in both labs was similar. 
In addition, the lab in SAMK also performed military testing. As per electric field levels 
for radiated immunity testing are concerned both of them could generate a maximum 
level of 20 V/m. 
 
 
 
